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your  Lordfhip,  and  makes  me,  with 
pleafure,  embrace  this  opportunity 
of  publickly  declaring  the  great  re- 
fpecl  with  which  I  am, 
My    Lor  d, 

Tour  L  o  r  d  s  h  i  pV 
mofi   obedient,     and 
mofi  humble  Servant, 

Robert  Whytt. 


Advertisement. 

yfBOUT  twelve  years  fince,  not  long  afi 
ter  the  Author  of  this  EJfay  had  left  the 
fchools  of  Medicine,  he  began  to  be  dijfatisfied 
with  the  common  theories  of  refpiration  and  the 
heart's  motion;  and  as  he  had  not  met  with  any 
writer,  who  had  given,   as  he  thought,    ajuji 
account   of  the  vital  and  other  involuntary  mo- 
tions of  animals,  or  derived  them  rightly  from 
their  true  source,  he purpojed  fometime  or  o- 
ther  to  write  on  this  fubjeB^  if  not  for  the  pu- 
blick,  at  le  aft  for  his  own  fatisfaftion*     In  pur* 
fuance  of  this  refolution,  the  following  Effay  was 
begun  in  the  year  1 744 ;    and  might  have  been ' 
fnifhed  long  ago,  had  not  the  author's  time  been 
greatly  taken  up  with  more  necejfary  bufinejs. — 
In  compofing  it,  he  has  been  careful  not  to  in- 
dulge his  fancy,  in  wantonly  framing  hypothe- 
fes,   but  has  rather  endeavoured  to  proceed  upon 
the  furer  foundations  of  experiment  and  obferva- 

tion. 


C  vi  ] 
lion.  No  doctrine  in  Philofophy,  which  was 
not  built  on  ihefe,  has  ever  been  able  to  jland  its 
ground  for  half  a  century  ;  and  the  theories  of 
Newton,  and  fome  few  others  of  the  more 
happy  ThilofopherSy  have  therefore  triumphed  0- 
ver  all  objections ,  becaufe  they  vj ere  founded  on 
nothing  tlfe  but  plain  f aft  1 ;  fa  els  indeed,  whofe 
exijlence  was  perhaps  unknown  before,  and  whofe 
infuence  isfo  extenfive,  that  while  they  are  Jim- 
pie  and  uniform  in  themf elves,  theyferve  as  cau- 
fesfor  explaining  innumerable  effects.  On  the 
other  hand,  in  the  hypothetical  method  of  philo- 
fophifing,  cctufes  are  ufnally  aligned,  which  not 
only  cannot  be  proved  to  exifl,  but  which  are 
frequently  more  intricate  and  complex  than  even 
the  effects  to  be  explained  from  them.  And  in-* 
deed,  it  cannot  be  expected  that  ungraded  imagi- 
nation fioidd  hit  upon  the  truth,  Ji nee  nature 
has  fo  ckfely  concealed  many  of  her  operations, 
that  they  often  elude  the  united  ejforts  of  genius, 
induftry  and  expo  iment. 

There 
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"There  is  one  favour  which  the  author  would 
afk,  of  thofe  who  may  take  the  trouble  to  per- 
ufe  this  performance,  viz.  that  they  would  de- 
lay p  offing  judgment  upon  any  part  of  it,  till 
they  have  attentively  and  fairly  confidered  the 
whole  ;  hecaufe  it  is  apprehended,  that  the 
theory  of  every  one  of  the  motions  here  explained, 
fupports  and  flrengthens  what  is  faid  ofthereji, 
and  that  when  all  are  taken  together,  each  re- 
ceives an  additional  weight  of  argument,  and  ap- 
pears in  a  flronger  light. 


Edinburgh, 

OCTOB.  I.    1751, 


Errata. 

Pag.  23.  lin.  tin.  14.  for  excited  lege  excite* 

P  .  232    /.  19.  for  Deaths  lege  Death. 

P-  276.  1.  penult,  after  below  add  , 

P.  282. 1.  16.  for  /  lege  P 

P.  291.  1.  25.  after  tickling  inftead  of.  lege  ; 

P.  302.  1,  18.  for  topu  lege  to  put. 

P-  333«  !•  8.  for  doze  lege  dofe. 


CONTENTS. 

Introduction,  rage  i 

Sect. L 
Principles  and  fads  necejfary  to  be  premifed,     5 

Sect.  II. 

An  examination  of  the  opinions  of  fome  of  the 
mofl  confiderable  authors  concerning  the  mo- 
tion of  the  heart,  33 

Sect.  III. 

Of  the  fyftole  of  the  heart,  47 

Sect. IV. 
Of  the  relaxation  and  diaftole  of  the  heart,  78 

Sect.  V. 
Of  the  motions  of  the  alimentary  canal  and 
bladder  of  urine,  9  5 

Sect.  VI. 

Of  the  motions  of  the  blood-vejfels,  and  fever  al 
others  of  the  fpontaneous  kind,  107 

Sect.  VII. 
Of  the  motions  of  the  pupil,   and  mufcles  of  the 
internal  ear ',  122 

Sect. 


x  CONTENTS. 

Sect.  VIII. 

Of  the  alternate  motions  of  rejpiration,        169 

Sect. IX. 

Of  the  beginning  of  rejpiration  in  animals,    228 

Sect.  X. 

Of  the  reafon  why  the  mufcles  of  animals  art 
excited  into  contraBion  by  the  application  of 
flimuli.  ■  255 

Sect.  XI. 
Of  the  Jhare  which  the  mind  has  in  producing 
the  vital  and  other   involuntary   motions   of 
animals,  294 

Sect.  XIL 

Of  the  reafon  why  the  vital  motions  continue  in 

pep*  363 

Sect.  XIIL 

Of  the  difference  between  refpiration  and  the 
motion  of  the  heart,  in  fleeping  and  waking 
perfons.  2>75 

Sect.  XIV. 

Of  the  motions  obferved  in  the  mufcles  of  ani- 
mals after  death,  or  their  feparation  from  the 
body,  385 

Conclusion,  435 


OF    THE 

Vital  and  other 
Involuntary  Motions 

O    F 

ANIMALS, 


INTRODUCTION. 

Hysiological  writers  have  divided 
the  motions  of  animals  into  voluntary, 
involuntary,  and  mix'd* 

Th  e  voluntary  motions  are  fuch  as  proceed 
from  an  immediate  exertion  of  the  active 
power  of  the  will.  The  involuntary  and 
mix'd  motions  (which  laft,  though  fubjecl; 
to  the  power  of  the  will,  yet  are  not  ordina- 
rily directed  by  it)  may  be  aptly  enough 
comprehended  under  the  general  denomina- 
tion of  spontaneous  ;  fiuce  they  are  per- 
A.  '       for  nied 
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formed  by  the  fcveral  organs  as  it  were  of 
their  own  Accord,  and  without  any  atten- 
tion of  the  mind,  or  confcioufnefs  of  an  ex- 
ertion of  its  adtive  power:  fuch  are  the 
iiiotions  of  the  heart,  organs  of  refpiration, 
flomach,  inteftines,  &c. ;  which  have  been, 
alfo,  diftinguifhed  by  the  name  automa- 
tic ;  though  perhaps  there  is  an  improprie- 
ty in  this  term,  as  it  may  feem  to  convey 
the  idea  of  a  mere  inanimate  machine,  pro- 
ducing fuch  motions  purely  by  virtue  of  its 
mechanical  conftrudtion  :  a  notion  of  the 
animal  frame,  which  ill  agrees  with  the  in- 
adtivity  and  other  known  properties  of 
matter. 

Although  we  may  be  at  a  lofs  to  ex- 
plain the  nature  of  that  fubftance  in  the 
nerves,  by  whofe  intervention  the  mind 
feems  to  adt  upon  the  mufcles  ;  and  though 
we  may  be  unacquainted  with  the  intimate 
ftrudture  of  thofe  fibres  upon  which  this 
fubftance  operates,  yet  we  have  no  room  to 
doubt  that  voluntary  motion  is  produced  by 
the  immediate  energy  of  the  mind ;  mani- 
fold experience  convincing  us,  that  though 
there  be  required  certain  conditions  in  the 

body 
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body  in  order  to  its  performance,  it  is 
neverthelefs  owing  to  the  will.  Nor  ought 
we  to  be  iurprifed  when  we  meet  with  thefe 
kind  of  difficulties ;  for  they  attend  mod  of 
our  inquiries  and  refearches:  — -Thus,  though 
the  laws  of  motion  and  gravitation  be  fully 
underftood  and  demonftrated  by  philofo- 
phers,  yet  the  firfl  caufe  of  motion,  the 
manner  in  which  it  is  communicated  to 
bodies,  and  the  nature  of  gravity  itfelf,  have 
never  been  explained. 

But  how  it  comes  to  pafs  that  many  of 
our  mufcles  are  brought  into  contraction, 
not  only  without  the  concurrence  of  the 
will,  but  in  oppofition  to  its  ftrongeft  ef- 
forts, and  why  moll  of  the  organs  of  fponta- 
neous  motion  are  continually  agitated  with 
alternate  contractions  and  relaxations,  of 
which  we  are  no  ways  confcious,  while  the 
mufcles  of  voluntary  motion  remain  at  reft, 
and  are  not  contracted  but  in  coniequence 
of  a  determination  of  the  will  to  that  end ; 
are  queftions  which  have  occafioned  no 
{mail  debate  among  medical  writers,  and 
which  as  yet  they  are  far  from  being  agreed 

about. To  clear  up  thefe  points,  is  the 

principal 
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principal  defign  of  this  Etfay  ;  and  I  flatter 
myfelf  that  the  following  account  of  the 
vital  and  other  involuntary  motions  of  ani- 
mals, will  not  lefs  recommend  itfelf  to  equal 
judges  by  its  fimplicity,  than  by  its  agree- 
ablenefs  to  the  known  laws  of  the  animal 
ceconomy,  and  the  eafy  folution  it  affords 
of  all  the  phenomena  of  the  human  frame 
refpe&ing  its  involuntary  motions. 

Nature,  as  far  as  we  can  judge  from  the 
plan  and  fcheme  of  things  furrounding  us, 
delights  in  fimplicity  and  uniformity,  and, 
by  general  laws  applied  to  particular  bodies, 
produces  a  vaft  variety  of  operations ;  nor  is 
it  at  alt  improbable  that  an  animal  body  is  a 
fyftem  regulated  much  after  the  fame  man- 
ner. Following  the  path,  therefore,  which 
Nature  has  pointed  out  in  her  other  and 
more  grand  operatiqns,  I  have  in  this  Eflay 
endeavoured  to  ftiew,  that  all  the  fpontane- 
ous  motions  of  animals  are  explicable  upon 
the  fame  principle,  and  owing  to  one  gene- 
ral caufe.  How  far  fpme  authors  of  great 
note  have  been  unfuccefsful  in  their  inquiries 
into  this  matter,  from  their  negle&ing  fo 
obvious  an  analogy,  and  endeavouring  to 

explain 
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explain  the  vital  motions  of  almoft  every 
different  organ,  by  a  different  theory,  is  left 
to  the  Reader  to  judge. 

As  the  heart  is  one  of  the  principal  organs 
of  the  body,  and  its  a&ion  immediately  ne- 
ceffary  to  life,  I  fhall  begin  with  inquiring 
into  the  caufe  of  its  alternate  contraction 
and  relaxation,  and  whence  it  comes  3 bout 
that  thefe  motions  are  performed  without 
the  mind's  feeming  to  have  any  concern  in 
them,  nay  in  oppofition  to  the  ftrongeft 
efforts  of  the  will.  But  it  will  be  neceffary, 
previoufly,  to  lay  down  a  few  pojlulata,  as 
a  ground-work  upon  which  is  to  be  built 
our  theory  of  the  involuntary  motions  of 
animals  in  general,  and  of  that  of  the 
heart  in  particular, 


SECT.     I. 

Principles  and  fads  necejjary  to  be  prcmifed. 

1.    A    Certain  power  or  influence  lodged 

l\  in    the   brain,    fpinal-m arrow    and 

nerves,  is  either  the  immediate  caufe  of  the 

contraction 
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contra&ion  of  the  mufcles  of  animals,  or  at 
lead  neceffary  to  it. 

Th  e  truth  of  this  is  put  beyond  all  reafon- 
able  doubt,  by  the  convulfive  motions  and 
palfies  affbSfeing  the  mufcles,  when  the  me- 
dulla cerebri,  medulla  oblongata  and  fpinalis, 
are  pricked,  or  any  other  ways  irritated  or 
comprefTed;  as  well  as  from  obferving  that 
animals  lofe  the  power  of  moving  their 
mufcles,  as  foon  as  the  nerve  or  nerves  be- 
longing to  them  are  ftrongly  comprefTed, 
cut  through,  or  otherwife  deftroyed.  Of 
this  many  inftances  might  be  given :  But 
we  fhall  content  ourfelves  with  mentioning 
one,  which  is  too  flrong  and  unexception- 
able to  admit  of  any  evafion.  When  the 
recurrent  nerve  on  one  fide  of  the  larynx  is 
-put,  the  voice  becomes  remarkably  weaker  ; 
when  both  are  cut,  it  is  entirely  and  irre- 
coverably loft  *,  i.  e.  the  animal  lofes  all 
power  of  moving  the  mufcles  which  ferve 
to  increafe  or  diminifli  the  aperture  of  the 
glottis^;  for  I  prefume  it  will  be  needlefs 
now-a-days  to  go  about   to  fhew,  that  the 

tying 

*  Edinburgh  Medical  EfTays,  vol.  2.  art.  8. 
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tying  of  thole  nerves  can  only  affect  the 
voice,  by  rendering  thefe  mufcles  para- 
lytic*. 

If 

*  In  the  Comment,  acad.  Bonon.  vol.  i.  part  2.  there  are 
related  by  MoJinelli,  the  hiftories  of  two  patients,  who,  though 
they  had,  in  the  operation  for  the  aneurifm  in  the  arm,  the 
rierve  tied  along  with  the  artery,  yet  recovered,  after  about 
three  months,  the  entire  ufe  of  that  member  ;  whence  fome 
have  not  fcrupled  to  conclude,  that  the  nerves  are  not  neceffary 
to  motion  or  fenfation.  But  in  this  they  have  rather  been 
too  hafty  ;  for  Galen  informs  us,  that  as  often  as  a  nerve 
has  been  quite  cut  through,  the  mufcles  to  which  it  belonged 
were  deprived  both  of  fenfe  and  motion  f :  and  many  later 
examples  might  be  produced,  where  the  fame  confequence 
attended  the  deftroying  of  a  nerve.  I  (hall  only  mention 
one,  which  is  confident  with  my  own  knowledge.  J.  F. 
who  had  the  nerve  tied  along  with  the  artery  in  the  ope- 
ration for  the  aneurifm  eighteen  years  ago,  continues,  to 
this  day,  to  have  a  numbnefs  and  feeblenefs  of  the  mufcles 
of  the  thumb  and  forefinger,  which  are  alfo  a  good  deal 
(hrivel'd-  —  But  further,  it  appears,  even  from  the  hiftories 
now  mentioned,  that  the  immediate  confequence  of  a  ligature 
made  upon  the  nerves  was  a  total  lofs  of  motion  and  fen- 
fation in  the  parts  below  ;  and  this  happened  notwithstanding 
that  the  blood  continued,  by  two  pretty  large  arterial 
branches,  to  be  distributed  to  them  :  which  is  fuch  a  direct 
proof  of  the  neceflity  of  the  nerves,  to  motion  and  fenfe, 
as  is  not  to  be  overturned  by  the  parts  recovering  after- 
wards their  power  of  motion,  fince  this  might  happen  without 
any  inconfiftency  to   the    former  conclufion,   and    in  a  way 

unknown 

I  De  motu  mofculorum,  lib.  1.  cap.  t. 
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If  the  brain  were  not  in  a  manner  tlid 
fountain  of  fenfation  and  motion,  and  more 
peculiarly  the  feat  of  the  mind  than  the 
other  vifcera  or  members  of  the  body ;  why 
fhould  a  flight  inflammation  of  its  mem- 
branes caufe  madnefs,  or  a  fmall  compref- 
fion  of  it  produce  a  palfy  or  apoplexy, 
while  a  like  inflammation  of  the  ftomach  or 
liver,  or  a  compreffion  or  obftrudtion  of 
thefe  bowels,  have  no   fuch  efFe&s  ?   If  the 

nerves 

unknown  to  us.  —  In  the  hiftory  found  by  JShrgagnl  among 
Valfalva's  papers>  and  related  in  the  fame  volume  of  the 
Comment.  Bonon.  we  are  told,  the  patient  did  not  recover 
the  full  ufe  of  his  arm  till  eight  or  nine  months  after  the 
operation  for  the  aneurifm  was  performed*  When  Mollnelii 
difMed  this  arm,  thirty  years  after,  he  found  the  nerve  not 
wanting  in  the  place  where  the  ligature  had  been  made,  as 
were  the  artery  and  vein,  but  of  a  much  greater  thicknefc 
than  ufual,  and  not  unlike  a  ganglion.  From  this  obfer- 
vation,  I  think,  we  have  reafon  to  believe,  that,  in  Mo/ine//i'$ 
two  patients  above  mentioned,  the  nerve  was  not  deftroyed 
by  the  ligature,  but  perhaps  acquired  a  greater  thicknefs  in 
that  part,  and  fo  became,  after  fome  months,  fit  to  perform* 
its  functions. 

►Upon  the  whole,  the  hiftories  of  the  operation  for  the 
aneurifm  related  in  the  Bononian  tran  factions,  though 
they  may  perhaps  confound  a  fuperhcial  inquirer,  will 
never  incline  an  accurate  and  impartial  one  to  reject  the 
doctrine  of  the  nerves  being  ncceffary  to  motion  and  fen- 
fation. 
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nerves  were  not  immediately  concerned  in 
mufcular  motion,  why,  upon  tying  or  de- 
ftroying  them,  does  the  member  to  which 
they  are  diftributed,  lofe  all  power  of  mo- 
tion as  well  as  fenfation  ? Becaufe  ani- 
mals have  lived  with  a  brain  fo  difeafed, 
that  it  is  difficult  to  conceive  how  it  could 
perform  its  functions,  or  becaufe  monfters 
which  have  been  born  without  a  head, 
lived  fome  fhort  time,  and  had  the  power 
of  motion  ;  to  conclude,  I  fay,  from  hence, 
that  the  brain  and  nerves  in  perfedt  animals 
are  not  immediately  neceffary  to  motion 
and  fenfation,  is  altogether  as  abfurd,  as  it 
would  be  to  alfert,  that  the  heart  was  not 
defigned  to  propel  the  blood  through  the 
body,  becaufe  there  are  feveral  animals 
of  the  lowed  clafs,  which  have  no  fuch 
organ*,  and  monftrous  fcetufes  have  fome- 
times  wanted  itf  ;  or  becaufe  we  are  told 
of  a  rat  every  way  healthful,  which  being 
dilfedted  was  found  to  have  no  heart  J. 
— — No  reafoning  drawn  from  a  few  mon- 
B  flrous 

*  Harvey   de   motu  fang.    cap.  17. 

f  Memoires  acad.    fciences  172(1,  edit.  8vo,  p.  16, 

J  Fan  Swiete?i  comment,  in  Boerhaav,  aphorifm.  vol.  i.p.  256* 
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ftrous  cafes,  can  be  fufficient  to  overthrow 
a  dodlrine  founded  upon  the  plaineft  pheno- 
mena obferved  in  perfedt  animals,  and  con- 
firmed by  almofl  numberlefs  experiments 
made  upon  them.  The  neceffity  therefore 
of  the  influence  of  the  brain  and  nerves 
towards  producing  mufcular  motion,  is  nor, 
to  be  difproved  by  a  few  rare  inflances  of 
ofiified,  petrified,  or  otherwife  morbid  brains 
found  in  animals,  which  feemed  tolerably 
healthy,  and  had  the  motion  of  all  their 
mufcles ;  fince  it  is  not  more  unreafonable 
to  fuppofe,  that  the  nerves  may  derive 
nourifhment  from  a  porous  fpungy  ofiified 
brain,  than  that  a  tree  fhould  fpring  out 
of  a  ftone-wall ;  dry  (tone  and  lime  being 
not  lefs  different  from  moift  earth,  than 
fiich  an  ofiified  brain  from  one  in  its  natu- 
ral ftate  ;  nay  the  latter  feems  more  capable 
of  affording    moiflure  to  the  nerves,  than 

the  former  to  roots  of  the  tree*.— When 

the 

*  The  brain  mentioned  by  Dzivemey,  in  Memoires  acad. 
des  ftiences  1705,  edit.  Svo,  p.  318.  ire.  was  not  wholly 
petrified  ;  its  inferior  ,  part  from  which  the  nerves  take  their 
rife,  ftill  retained  its  medullary  form.  And  the  fame  has 
probably  been  the  cafe  of  other  petrified  or  ofiified  brains,  tho5 
perhaps  not  fo  accurately  obferved. 
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the  brain  is  wanting,  Nature  may  have 
other  ways  of  fupplying  the  nerves,  and  of 
keeping  them  in  fuch  order,  as  that  they 
may  be  able  in  fome  fort  to  perform  their 
functions.  And  fince  the  fpinal-m arrow  not 
only  depends,  for  its  powers,  on  the  brain 
from  which  it  proceeds,  but  alfo  on  a  par- 
ticular fecretion  performed  by  its  own 
blood-veffels,  we  may  reafonabiy  conclude, 
that  the  nerves  proceeding  from  the 
brain  and  fpinal-marrow  are,  partly,  nou> 
rifhed  and  kept  in  a  proper  ftate  for  action, 
by  the  fluids  conveyed  to  them,  by  the 
fmall  arteries  wrhich  are  diftributed  on  their 
furrounding  membranes.  This  opinion  is 
flrongly  fupported  by  thofe  inftances,  which 
are  to  be  found  in  the  writings  of  Phyfl- 
cians,  of  children  born  without  any  brain 
or  fpinal-marrow;  for  in  thofe  children, 
the  nerves  mud  have  derived  all  their 
nourifhmept  from  the  blood-veffels  bellow- 
ed on  their  coats. 

The  immediate  caufe  of  -mufcular  con- 
traction, which,  from  what  has  been  faid, 
appears  evidently  to  be  lodged  in  the  brain 
and  nerves,   I  chiife  to  diftinguifh  by  the 

terms 
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terms  of  the  power  or  influence  of  the  nerves ; 
and  if,  in  compliance  with  cuftom,  I  fhall 
at  any  time  give  it  the  name  of  animal  ox 
vital  fpiritsy  I  defire  it  may  be  underitood 
to  be  without  any  view  of  afcertaining  its 
particular  nature  or  manner  of  acting;  it 
being  fufficient  for  my  purpofe,  that  the 
exiftence  of  fuch  a  power  is  granted  in  ge* 
neral,  though  its  peculiar  nature  and  pro* 
perties  be  unknown. 

2.  While  the  nervous  power  is  immedi- 
ately necefTary  to  mufcular  motion,  the 
arterial  blood  feems  to  aft  only  in  a  fecon- 
dary  or  more  remote  manner. 

Muscles  are  immediately  rendered  pa- 
ralytic upon  tying  or  deftroying  the  nerves 
diftributed  to  them  *.  But  when  the  arte- 
ries beftowed  upon  any  mufcles  are  tied, 
the  aftion  of  thefe  mufcles  is  only  gradually 
weakened,  and  not  totally  abolifhed  till 
after  a  confiderable  time.  The  ingenious 
Dr.  Langrijh  tied  up  and  cut  afunder  both 
the  carotid  and  both  the  crural  arteries  of 
the  fame  dog,  without  deftroying  the  mo- 
tion 

*  Kaau  impet.  facicns,  N°.  288. 
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tJon  of  one  mufcle* ;  and  Dr.  Sivencke  aflures 
us,  thar,  after  having  tied  the  crural  artery 
of  a  dog,  clofe  by  the  groin,  the  animal 
continued  to  move  his  leg  and  foot  for  a 
whole  day  ;  the  fame  experiment  he  repeat- 
ed in  another  animal,  and  did  not  find  that 
the  mufcles  of  the  leg  became  paralytic  till 
this  member  was  almofl:  quire  dead  f .  'Pis 
true  indeed,  that,  by  a  ligature  made  on 
the  aorta,  immediately  above  its  divifion 
into  the  iliacs,  the  hinder  limbs  of  a  dog 
gradually  loft  their  motion,  and  became 
quite  paralytic  after  two  minutes  J  :  from 
which  it  may  be  thought,  that,  in  the 
experiments  of  Langrijh  and  Swencke,  the 
the  motion  of  the  mufcles  continued  longer, 
becaufe  they  had  ftill  fome  blood  tranfmit- 
ted  to  them  by  lateral  communicating 
branches,  from  arteries  which  were  not 
tied.  But,  on  the  other  hand,  it  feems 
more  probable,  that  a  ligature  on  the  aorta 
renders  the  mufcles  of  the  legs  paralytic,  by 
depriving  the  inferior  part  of  the  fpinal- 

m  arrow, 

*  Cronean  le&ures  on  mufcular  motion,    §  93. 

f  Hematalog.  p.  8.     See  alfo  Brunner.  de  pancreat.  p.  1S0. 

%  Kaau  impet.  faciens,  N°.  291. 
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marrow,  and  the  nerves  proceeding  from  itv 
of  that  blood  which  contributes  to  nourifh 
and  keep  them  in  a  found  ftate  [i.]* 

From  what  has  been  faid,  we  may  fairly 
conclude,  that  the  arterial  blood  fent  to 
the  mufcles  is  only  neceffary  to  their  mo- 
tion, in  fo  far  as  it  fupplies  the  veflels  and 
fibres  of  the  mufcles  with  fluids  proper  for 
their  nourifhnient,  gives  them  a  fuitable 
degree  of  warmth*  and  thus  preferves  them 
in  fuch  a  ftate,  as  may  render  them  mofl 
fit  to  be  a&ed  upon  by  the  nervous  power. 
While  therefore  the  nourifhment  and  growth 
of  the  mufcles  are  owing  to  the  motion  of 
the  arterial  blood  through  their  vefTels, 
their  powers  of  motion  and  fenfation  pro- 
ceed from  the  nerves  alone. 

3.  The  mufcles  of  living  animals  are 
conftantly  endeavouring  to  fhorten  or  con- 
tract themfelves.  Hence  fuch  as  have 
antagoiiifls  are  always  in  a  ftate  of  tenfion  ; 
and  the  folitary  mufcles,  fuch  as  the 
fphinfters,  and  thofe  whofe  antagonifts  are 
weakened  or  deftroyed,  are  always  con- 
tracted, 
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traced,    except  when  this  natural  contrac- 
tion is  overcome  by  fome  fuperior  power. 

4.  The  natural  contraction  of  the 
mufcles  [3.]  is  owing,  partly,  to  all  their 
veflels  being  diftended  with  fluids,  which 
feparate  and  ftretch  their  fmalleft  fibres. 

As  a  proof  of  this,  the  mufcles  of  animals 
that  are  in  full  health,  and  abound  with 
proper  fluids,  retraCt  themfelves  much  more 
remarkably  towards  each  extremity  when 
cut  acrofs,  than  the  mufcles  of  fuch  animals 
as  are  in  a  languishing  ftate,  and  exhaufted 
of  their  fluids ;  befides,  that  foon  after 
death,  the  mufcles  become  flaccid,  and, 
when  cut  tranfverfely,  retraCt  themfelves 
but  little. 

But,  farther,  the  natural  contraction  of 
the  mufcles  is,  in  a  great  meafure,  to  be 
afcribed  to  the  influence  of  the  nerves, 
which  is  perpetually  operating  upon  them, 
though  in  a  very  gentle  manner:  and  that 
to  this  is  chiefly  owing  the  conftant  con- 
traction of  the  fphinCters,  and  the  lenfion 
of  fuch  mufcles  as  are  balanced  by  antago- 
nifts,  the   pally  affeCting   the   fphindters   as 

foou 
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foon  as  their  nerves  are  comprefled  or 
deftroyed,  and  the  conftant  contraction  of 
fuch  mufcles  whofe  antagonifts  are  deprived 
of  the  nervous  power,  evidently  demon- 
ftrate. 

5.  The  natural  contraction  of  the  mufcles 
[3,  and  4.]  arifmg  from  the  conftant  and 
equable  aCtion  of  the  nervous  power  on 
their  fibres,  and  of  the  diftending  fluids  on 
their  vefTels,  is  very  gentle,  and  without 
any  fuch  remarkable  hardnefs  or  fwelling  of 
their  bellies,  as  happens  in  mufcles  which 
are  contracted  by  an  effort  of  the  will. 
And  although  the  fphinCters  and  thofe 
mufcles,  whofe  antagonifls  are  paralytic  or 
hindered  from  aCting,  do  always  remain  in 
a  ftate  of  contraction  ;  yet  at  any  time,  by 
an  effort  of  the  will,  they  can  be  much 
more  ftrongly  contracted.  Tis  fomewhat 
flrange  that  Dr.  Stuart  fhould  have  been  fo 
far  miftaken,  as  to  aflert,  that  the  mind 
has  no  manner  of  power  over  fuch  mufcles 
as  are  deftitute  of  antagonists ;  not  only 
that  it  cannot  unbend  them,  which  is  al- 
lowed by  all,  but  alfo  that  it  cannot  make 

them 


/- 
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them  contrail:  more  ftrongly*  \  for  every- 
one mufl  be  fatisfied,  that  though  the 
fphinSer  ani  is  naturally  in  a  conftant  (late 
of  contra&ion,  yet  he  can  at  pleafure  make 
it  contraft  more  ftrongly ;  and  though 
the  biceps  flexor  cubiti  contracts  and  fwells 
upon  the  arm's  being  bent  by  an  external 
force,  even  in  fpite  of  any  effort  of  the  will 
to  the  contrary,  yet  any  one,  if  he  pleafes, 
can  make  it  fwell  more,  grow  much  harder, 
and  contract  itfelf  with  vaftly  greater 
force. 

From  what  has  been  juft  now  advanced, 
it  follows,  that  it  is  not  neceffary,  in  order 
to  the  mind's  aiting  upon  the  mufcles,  that 
they  fhould  be  ftretched  or  extended  be- 
yond that  length  to  which  they  would 
naturally  reduce  themfelves,  if  not  prevented 
by  the  action  of  their  antagonifts. 

6.  As  often  as  the  influence  of  the  nerves 
operates  more  powerfully  than  ufual  on  the 
mufcles,  they  are  excited  into  ftronger  con- 
tractions which  are  not  natural,  and  there- 
fore may  be  called  violent.  This  extra- 
C  ordinary 

*  Diflertatio  de  motu  mufculari,  p.  22,  23.  and  77, 
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ordinary  aCtion  of  the  nervous  influence^ 
may  be  owing  either  to  the  power  of  the 
will,  or  to  zjlimulus. 

7.  Voluntary  contraction  is  owing  to 
the  ftronger  aCtion  of  the  nervous  influence 
upon  any  mufcle,  excited  by  the  power  of 
the  will. 

8.  A  Jlimuhis,  or  any  irritating  fubftance 
applied  to  the  bare  mufcles  of  living  ani- 
mals, immediately  produces  a  contraction 
in  them. 

This  appears  from  numberlefs  experi- 
ments and  obfervations  ;  and  is  equally 
true  withrefpeCt  to  the  mufcles  of  voluntary 
and  involuntary  motion; — The  mufcles  of 
a  living  frog,  when  laid  bare  and  pricked 
with  a  needle,  are  ftrongly  convulfed.  —  A 
folution  of  white  vitriol  no  fooner  touches 
the  internal  furface  of  the  ftomach,  than 
this  organ  is  brought  into  convuliive  con- 
tractions. —  Smoke  of  tobacco  or  acrid 
clyfters  injedted  by  the  anus,  bring  con- 
vulfive  motions  on  the  great  guts. — Pricking 
the  inteftines  or  heart  of  a   living  animal, 

or 
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m  applying  any  acrid  fluid  to  them,  re- 
markably increafes  their  contraction*. 

Many  other  inftances  might  be  given  of 
the  effects  of  Jlimidi  on  the  mufcles  of  ani- 
mals ;  but  thefe  may  fuffice,  as  we  fhall 
have  occafion  to  treat  of  this  matter  more 
fully  afterwards. 

Whatever  ftretches  the  fibres  of  any 
mufcle,  fo  as  to  extend  them  beyond  their 
ivfual  length,  excites  them  into  contraction 
almoft  in  the  fame  manner,  as  if  they  had 
been  irritated  by  any  fharp  inftrument,  or 
acrid  liquor.  Thus  the  motion  of  the  heart 
in  pigeons  newly  dead,  is  as  remarkably 
renewed  or  increafed  by  drawing  afunder 
the  fides  of  the  divided  thorax,  and  confe- 
quently  ftretching  the  great  veffels  to  which 
the  heart  is  attached,  as  by  pricking  its 
fibres  with  a  pin  7.     In  luxations,  mufcles, 

by 

*  Harvey,  fpeaking  of  the  punfium  falie?is,  or  heart  of 
the  chick  in  the  fliell,  fay?,  "  Vidi  faepiffime  ab  acus,  ftyli, 
<(  aut  digiti  conta&u,  im'o  vero  a  calore  aut  frigore  vehe- 
u  mentiore  admoto,  aut  cujufiibet  rei  moleftantis  occurfu 
'*■  punSum  hoc,  pulfuum  varias  permutationes,  iflufque 
"  validiores  ac  frequentiores  edidifTe."  De  generatione  animal, 
exercitat.  17. 

f  Vid.  infra,  Se#.  xiv.  N°  16.  and  17. 
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by  being  over-ftretched,  are  often  convulfed ; 
and  the  vejtca  urinaria  and  inteftiuum  retlum, 
are  not  only  excited  into  convuliive  con- 
tractions by  the  acrimony  of  the  urine  and 
faces  y  but  alfo  by  their  bulk  and  weight 
ftretching  the  fibres  of  thefe  hollow  mu- 
fcles  *. 

Because  the  heart  and  other  mufcles  of 
animals,  often,  continue  to  move,  for  fome 
time,  after  they  are  feparated  from  their 
bodies,  and  confequently  after  all  communi- 
cation between  them  and  the  brain  is  cut 
off,  fome  have  thought  the  contraction  of 
irritated  mufcles  to  be  owing,  not  fo  much 
to  the  nervous  influence,  as  to  fome  latent 
property  in  their  fibres.  But  as  I  have, 
elfewhere,  fufficiently  refuted  this  opinion  f, 
I  fhall  only  obferve,  in  this  place,  that  unlefs 
the  motions  of  irritated  mufcles  depended  up- 
on the  brain  and  nerves,  it  would  be  difficult 
to  conceive  why  an  irritation  of  the  medulla 
oblongata  or  nerves,  fhould  occafion  more 
violent  convulfions  of  the  mufcles  in  animals 

newly 

*  Vid.  infra.  Sett.  v. 
f  Phyfiological  Eflays,  edit.  2.   appendix,  p.  245  —  252, 
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newly  killed,   than   an   irritation  of  thofe 
mufcles  themfelves. 


9.  In  proportion  as  the  ftimulus  is  more 
or  lefs  gentle,  fo  {ceteris  paribus)  is  the 
contradlion  of  the  mufcle  to  which  it  is 
applied. 

The  truth  of  this  proportion,  like  the 
former,  is  not  only  proved  by  experience, 
but  may  be  deduced  from  reafon  alone ; 
for  if  the  irritation  is  to  be  confidered  as 
thecaufe,  and  the  fubfequent  contraction 
of  the  mufcle  as  the  effedt;  then,  in  pro- 
portion as  the  caufe  is  increafed  or  dimi- 
nifhed,  fo  muft  be  its  effedt. The  mo- 
tions occafioned  by  ftretching  the  fibres  of 
any  mufcle  will  be  greater  or  lefs,  as  the 
mufcle  is  more  or  lefs  ftretched  ;  unlefs  it 
be  $0  far  extended,  as  quite  to  lofe  its  tone, 
and  become  paralytic. —  It  deferves  how- 
ever to  be  obferved,  that  the  effedls  of 
different  ftimuli  depend  very  much  upon  the 
peculiar  conftitution  of  the  nerves  and  fibres 
of  the  mufcles  to  which  they  are  applied : 
And  hence  it  is,  that  what  proves  a  flrong 
Jiimulus  to  the  nerves  of  one  part,  will  more 

weakly 
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weakly  affe&  thofe  of  another,  and  vice  verfa. 

Thus   warm    water  or  oil,    which,  when 

drunk  in  a  large  quantity,   provoke  vomit- 
ing, leifen  the  increafed  alternate    motion 

of  the  fmall  veffels  of  a  part  which  has  been 

inflamed  by  the  application  of  cant bar ides  or 

any  other   acrid  fubftance. — Cold    water, 

which  is  very  agreeable  to  the  nerves  of  the 

ftomach,  excites  violent  coughing  as  often 

as   it   gets   into  the  windpipe. Light, 

which  by  irritating  the  retina  occafions  the 

contraction    of    the    pupil,    does   not  adt, 

fenfibly,  as   a  fiimulus  on  any  other  part  of 

the  body. — Although  an  injection  prepared 

with   corrofive  mercury  occafions  confide- 

rable  pain,  when  it  is  introduced  into  the 

urethra,  yet  neither  it,  nor  the  urine  excites 

any  convulfive  contractions  of  the  mitjadi 

accekratores  urin%  as  the  jbnen  does,  altho' 

it  is  of  a  foft,  un<5luous  nature,  and  pofTefTed 

of  very  little  acrimony.     And  this  leads  me 

to  obferve,   that  the  motions  excited  in  our 

mufcles,  are  often  not  fo  much  the  confe- 

quence   of  pain   as  of  a   different    kind  of 

feiifation  :  thus,  when  the  fides,  or  the  foles 

of  the  feet  are  tickled,    convulfive  motions 

are 
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are  excited  in  the  mufcies  of  the  trunk  of 
the  body  and  legs,  which,  however,  do  not 
happen,  when  thole  parts  are  pricked  with 
a  pin  or  inflamed  by  the  application  of 
a  blifter  or  finapifm.  Further,  the  fame 
organs  in  different  people  are  fome times 
very  different] v  affected  by  the  fame  fti- 
muli ;  thus  honey  excites  vomiting  and 
purging  in  fome  people ;  and  in  others, 
certain  effluvia  will  occafion  an  afthmatic 
fit,  or  hyfieric  faint ings  with  convulfions. 
I  fhall  only  add,  that  very  hot  or  cor-, 
rofive  fubftances,  often  excite®  lefs  motion 
in  the  mufcies,  than  milder  ftimuli,  becaufe 
they  either,  at  once,  deftroy  or  greatly 
impair  the  moving  power  of  the  parts  to 
which  they  are  applied;  and  hence  k  is, 
that  a  frog's  heart  ceafes,  almoft  imme- 
diately to  move,  when  it  is  immerfed  in 
boiling  water  or  oil  of  vitriol. 

10.  An  irritated  mufcle  does  not  remain 
in  a  contracted  ftate,  although  the  ftimu- 
iating  caufe  continues  to  ad  upon  it ;  but  is 
alternately  contracted  and  relaxed. 

Thus 
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Thus  the  ftimulw  of  an  emetic  received 
into  the  ftomach,  does  not  occafion  a  conti- 
nued contraction  of  its  mufcular  coat ;  and 
an  irritation  of  the  lower  extremity  of  the 
gullet,  is  followed  by  alternate  convulfions 
of  the  diaphragm.  The  heart  of  a  frog  or 
eel  taken  out  of  the  body,  continues  its 
alternate  motions  while  a  needle  is  fixed  in 
it.  When  the  heart  or  other  mufcular 
parts  of  dying  animals  ceafe  to  move,  heat 
will  renew  their  contra&ion,  which  is  regu- 
larly alternate,  although  the  Jlimulas  be 
unvaried  :  After  the  auricle  of  a  pigeon's 
heart  had  ceafed  to  move,  I  made  it  renew 
its  alternate  contractions,  by  filling  the 
thorax  with  warm  water*  ;  and  after  the 
vibrations  of  a  frog's  heart  had  begun  to 
languifh,  they  recovered  their  former  vi- 
gour and  quicknefs,  by  expofing  it  to  the 
heat  of  a  fire. 

When  mufcles  have  been  long  in  aCtion, 
or  too  highly  ftrained,  the  member  to  which 
they  belong  is  obferved  to  be  aftedted  with  a 
tremor ,  which  often  lafts  for  a  confiderable 
time;  u  e.  thefe  mufcles  are  agitated  with 

fmall 

*  Sea.  xiv.  No  15  of  this  EflTay. 
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fmall  alternate  contractions  and  relaxations, 
notwithstanding  the  Simulating  caufe  conti- 
nues prefent  with  them. 

It  might  perhaps  be  imagined  a  priori, 
that  a  mufcle  ought  to  remain  contracted  as 
long  as  the  Jtimuku  or  caufe  of  its  contrac- 
tion continues  to  ait  upon  it :  but  the  faCl 
we  fee  is  otherwife  ;  and  the  reafon  of  it 
fhall  be  explained  afterwards  %  But  it  muft 
be  here  obferved,  that  although  there  are 
fcarce  any  of  the  mufcles  of  animals  whofe 
fibres  are  not  affected  with  alternate  con- 
tractions and  relaxations,  when  they  are 
irritated  with  the  point  of  a  pin  or  other 
fubftance  capable  of  ftimulating  them, 
yet,  in  morbid  cafes,  our  mufcles  or  mufcu- 
lar  organs  are  frequently  afieCted  with  a 
continued  contraction  or  fixed  fpafm ;  which 
fymptom,  however,  is  owing  either  to  an 
irritation  of  the  brain  or  nerves*  or  of  the 
mufcles  themfelves:  nay,  even  in  a  found 
ftate,  there  are  a  few  inftances  of  muf- 
cles which  are  not  alternately  relaxed, 
but  remain  uniformly  contracted  as  long 
as  the  ftimulating  caufe  continues  to  aCt 
D  with 

*  See  below  Seel,  x.  near  the  end, 
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with  the  fame  degree  of  force,  fuch  as  the 
orbicular  mufcle  of  the  uvea,  the  bladder  of 
urine,  and  fome  others  *. 

ii.  Irritated  mufcles  are  not  only 
agitated  with  alternate  motions  while  the 
ftimulating  caufe  continues  to  adt  upon 
them,  but  alfo  for  fome  time  after  it  is  re- 
moved; although  thefe  motions  become 
gradually  weaker,  and  are  repeated  more 
flowly.  If  the  irritation  be  great,  thefe 
alternate  motions  laft  longer,  and  follow 
one  another  more  quickly  ;  if  weaker,  they 
are  repeated  after  longer  intervals,  and 
fooner  ceafe ;  if  extremely  gentle,  and  the 
mufcle  not  very  fenfibie,  perhaps  only  a 
fmgle  contraction  or  two  will  enfue  [9.]. 

Some  of  the  fibres  of  the  platyfma  my  aides 
which  were  differed  off  with  a  tumor,  have 
been  obferved  to  palpitate  like  the  heart  of 
a  dying  animal  for  a  confiderable  time; 
and  the  fame  motions  have  been  often  ob- 
ferved   in    the  mufcles   of    brute  animals, 

when 

*  See  below  Seft.  x.  near  the  end. 
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when  their  fibres  were  irritated  after  their 
ieparation  from  the  body  *. 
.  The  heart  of  an  animal  newly  killed,  is 
excited  into  motion  by  blowing  upon  it,  or 
touching  it  with  the  point  of  a  pin ;  and 
this  motion  often  lads  a  great  while,  altho' 
the  fiimulus  is  not  renewed.  After  a 
pigeon's  heart  had  ceafed  to  move,  its  vi- 
brations were  not  only  renewed  by  drawing 
afunder  the  fides  of  the  divided  thorax, 
but  they  continued  for  a  confiderable 
timef. 

12.  The  motions  of  mufcles  from  a  fii- 
mulus are  altogether  involuntary. 

Every  one  mult  be  fenfible  of  the  truth 
of  this  aflertion,  who  has  ever  felt  any  of 
thofe  fmall  convulfions  or  pulfatory  con- 
tractions, which  frequently  happen  in  dif- 
ferent parts  of  the  body,  and  which  feem 
to  be  owing  to  fome  irritation  of  the  fibres 
or  membranes  of  the  mufcle  contra<fled, 
either  from  acrid  particles  in  the  fluids  ir- 
ritating their  fenfible  nerves,   or  from  too 

great 

*  Vid.  Seft.  xiv.  N°  3. 
f  Sedh  xiv.  N°  16.  and  17. 
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great  a  diftenfion  of  their  tender  veflels  by 
the  flagnation  of  the  circulating  fluids. 
The  mufcles  called  accelerators  urituz, 
though  at  other  times  entirely  under  the 
power  of  the  will,  ye;,  while  the  femen  con- 
tinues to  be  poured  into  the  beginning  of 
the  urethra,  they  are  agitated  with  ftrong 
convulfive  contractions,  which  we  can  nei- 
ther  increafe  nor  prevent. —  When  the  ten- 
dinous fibres  of  the  obliquus  inferior  of  the 
eye,  or  of  any  other  of  its  mufcles,  are 
gently  ftimulated  with  the  point  of  a  file, 
the  alternate  contractions  which  enfue,  are 
altogether  involuntary,  and  can  neither  be 
accelerated,  retarded,  augmented,  nor  dimi- 
nifhed  by  the  power  of  the  will.  The  fame 
thing  is  true  of  the  motions  of  the  ftomach 
and  diaphragm,  excited  by  emetics.  From 
which  it  follows,  that, 

1 3.  The  power  of  Jlimuli  in  exciting  the 
mufcles  of  living  animals  into  contra&ion, 
is  greater  than  any  effort  of  the  will. 

The  truth  of  this  is  (till  further  confirm- 
ed, by  the  following  obfervation.  A  man 
aged  25 y  who,  from  a  palfy  of  twelve  years 

continuance, 
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continuance,  had  loft  all  power  of  motion 
in  his  left  arm,  after  trying  other  remedies 
in  vain,  at  lafl  had  recourfe  to  electricity; 
by  every  fhock  of  which  the  mufcles  of  this 
arm  were  made  to  contrail ;  and  the  mem- 
ber ltfelf,  which  was  very  much  withered, 
after  having  been  electrified  for  fome  weeks, 
became  fenfibly  plumper. — If  then,  the 
voluntary  mufcles  can,  even  in  a  palfied 
ftate,  be  excited  into  contraction  by  the 
action  of  a  ftimulus  on  their  fibres,  it  fol- 
lows, that  when  this  is  applied  to  them  in 
a  found  and  more  fenfible  ftate,  any  effort 
of  the  will  to  prevent  their  contraction, 
mud  be  vain  and  impotent. —  Hence  the 
mufcles  of  voluntary  as  well  as  of  involun- 
tary motion  ceaie  to  be  under  the  power  of 
the  will,  while  their  nerves  or  fenfible  fibres 
are  irritated  by  Jlimu/i, 

It  may  be  obferved  here,  that  although 
we  cannot,  by  an  effort  of  the  will,  prevent 
the  motion  of  any  mufcle  whofe  fibres  or 
nerves  themfelves  are  irritated,  yet  we  can, 
in  many  cafes,  reftrain  the  action  of  certain 
mufcles,  whofe  motions  are  excited  by  an 
irritation  of  a  diftant  part,  with  which  they 

have 
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have  a  particular  fympathy ;  thus,  we  can 
prevent  the  motions  of  the  mufcles  employ- 
ed in  coughing  and  in  voiding  the  urine 
and  faces,  when  the  trachea,  bladder  and 
reclwn,  are  only  flightly  (Simulated  ;  unlefs 
thefe  parts  have  been  rendered  much  more 
fenfible  than  ufual,  by  being  inflamed,  or 
deprived  of  their  mucus. 

14.  There  are  three  kinds  of  contrad;ion 
obfervable  in  the  mufcles  of  animals,  all  of 
them  different  from  each  other,  viz.  natural 
[4,  and  5.],  voluntary  [7.],  and  involunta- 
ry, from  Jiimuli  [8.  9.  10.  11.  12.  13.]. 
The  nrft  is  very  gentle,  equable  and  conti- 
nued, and  is  owing  to  the  caufes  mentioned 
N°  4.  The  fecond  proceeds  immediately 
from  the  power  of  the  will,  is  always 
ftronger  than  the  former,  and  may  be  con- 
tinued for  a  longer  or  fhorter  time,  or  per- 
formed with  more  or  lefs  force,  as  one 
pleafes.  The  third  is  flrong,  but  fuddenly 
followed  by  a  relaxation,  ieems  to  be  a 
ijecefiary  confequence  of  the  adtion  of  the 
(limuhis   upon  the  jruifcle,  and  cannot   be 

affected, 
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affected,  either  as  to  its  force  or  continuance, 
by  the  power  of  the  will. 

That  continued  contraction  or  fixed 
Ypafm,  with  which  our  mufcles  are  fome* 
times  affected  [10.]  being  almofl  always  a 
morbid  fymptom,  and  not  the  natural  or  ufual 
effect  of  an  irritation  of  their  fibres,  its 
particular  consideration  is  of  lefs  ufe  in 
treating  of  the  vital  and  other  involuntary 
motions  of  animals  in  a  found  State. 

15.  The  natural  contraction  above  ex- 
plained [14.]  is  what  we  obferve  in  the 
fphincters,  and  in  mufcles  whofe  antagonists 
are  paralytic  or  deftroyed- 

16.  While  the  fphincters  of  the  anus 
and  bladder,  and  thofe  mufcles  whofe  anta- 
gonists are  deftroyed,  remain  always  in  a 
ftate  of  contraction,  and  while  fuch  mufcles 
as  have  antagonists,  are  kept  in  aquilibro, 
or  without  any  motion,  except  when  the 
wifl  interpofes  ;  the  heart,  which  has  no 
proper  antagonist,  is  alternately  contracted 
and  dilated,  without  our  being  able,  by  any 
effort  of  the  will,  directly  to  hinder  or  pro- 
mote its  motions, 

17,  The 
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17.  The  contraflion  of  the  heart  ig, 
therefore,  not  only  involuntary,  but  of  a 
different  kind  from  that  of  the  fphinders 
and  mufcles  deprived  of  antagonifts ;  and 
feems,  as  to  its  phenomena,  to  agree  with 
the  contra&ion  of  mufcles  from  a  Jlimu- 
lus.     [i4«]« 

18.  The  mind  may,  by  difufe,  not  only 
lofe  its  power  of  moving  even  the  voluntary 
mufcles,  except  in  a  particular  way,  but 
alfo  of  exciting  them  into  contra&ion  at  all. 
Of  the  former  we  have  an  example  in  the 
uniform  motions  of  the  eyes ;  and  of  the 
latter  in  the  mufcles  of  the  external  ear, 
and  of  fuch  members  as  have  remained 
long  without  motion. 


SECT. 
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1    SECT.     II. 

Jin  examination  of  the  opinions  of  fome  of  the 
mo  ft  considerable  authors  concerning  the 
motion  of  the  heart. 

IT  feems  to  have  been  the  prevailing  opi- 
nion among  many  of  the  ancient  Phyli- 
cians,  that  the  motion  of  the  heart  was 
owing  to  a  vital  principle  particularly  re- 
fiding  in  it.  Galen  thought  motion  as 
natural  to  the  heart,  as  reft  to  the  other 
mufcles. —  Des  Cartes,  much  lefs  verfed  in 
Phyfiology  than  in  Mathematics,  attributed 
the  motions  of  this  organ,  wholly,  to  the 
ebullition  of  the  blood  dropping  into  its 
Ventricles ;  and  contended,  that  this  fluid 
was  not  pufhed  into  the  arteries  by  the 
mufcular  contraction  of  the  heart,  but  that 
it  forced  its  way  into  them  by  its  own  ex- 

plofive   power. After  Harvey's    dodtrine 

of  the  circulation  was  fully  eftablifhed,  the 
heart  was  allowed  to  be  a  mufcle,  and  its 
Jyftole  to  be  analogous  to  the  contraction  of 

E  other 
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other  mufcles ;  the  vital  fpirits  of  the  nerves 
were  fuppofed  to  flow  alternately  into  its 
fibres,  either  on  account  of  valves,  which 
by  turns  admitted  and  denied  them  a  paf- 
fage ;  or  becaufe  it  was  thought  that  the 
fpirits  could  only  be  difcharged  by  drops,  and 
not  in  an  equable  ftream,  from  the  extre- 
mities of  fuch  fubtile  tubes  as  the  nerves 
were  conceived  to  be  *. 

Various  other  hypotbefes  were  framed  to 
explain  the  alternate  motion  of  the  heart ; 
a  problem  not  lefs  difficult  than  curious! 
Thefe  I  fhall  pafs  over  in  filence,  leaving 
them  to  fall  by  their  own  abfurdity,  or  the 
arguments  of  others;  and  content  myfelf 
with  mentioning  the  defedts  of  fome  of  the 
latter  fyftems,  which,  from  their  plaufibili- 
ty,  or  the  high  chara&er  of  their  authors, 
are  intitled  to  the  greatefl:  regard. 

Th  e  theory  of  the  heart's  motion,  which 
has  of  late  years  met  with  the  moft  favour- 
able reception,  is  that  of  the  celebrated 
Boerhaave,  who  deduces  the  alternate  fiftok 
and  diaftok  of  that  mufcle,  chiefly  from  the 

peculiar 

*  Bore//,  de  mot.  animal,  lib.  n.  cap.  6.  prop.  79. 
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peculiar  ctrcumftances  of  the  cardiac  nerves; 
for  as  the  greateft  part  of  thefe  nerves 
pafles  between  the  auricles  and  large  arteries 
of  the  heart,  he  concluded  that  they  muft 
be  compreiTed  at  the  end  of  every  fyftole, 
when  thefe  cavities  and  veffels  are  greatly 
diftended  with  blood  ;  whence  the  motion 
of  the  fpirits  being  intercepted,  the  heart 
muft  be  rendered  paralytic  ;  but  that  when- 
ever, upon  the  fubfequent  contradion  of 
the  auricles  and  arteries,  this  compreiTion 
ceafes,  and  the  nerves  tranfmit  their  fluid  as 
formerly,  the  heart  muft  contradt  anew  *. 

This  hypothecs,  however  ingenious,  will 
appear  altogether  infufficient,  if  we  imparti- 
ally attend  to  the  following  confiderations. 

1.  All  the  cardiac  nerves  don't  pafs 
between  the  auricles  and  arteries.  Not  to 
mention  many  fmaller  ones,  there  are  two 
very  confiderable  branches  diftributed  to 
the  mufcular  fubftance  of  the  heart,  which 
neither  pafs  between  the  two  auricles,  nor 
the  two  arteries,    and  therefore  cannot  be 

liable 

*  Inftitut.  med.  No  409. 
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liable   to    any  alternate  compreffion  from 
them. 

2.  I  believe  it  will  be  difficult  to  perfuade 
unbiafTed  inquirers,  that  the  nerves  (fuppo- 
fing  they  all  had  their  courfe  between  the 
auricles  and  arteries)  could  furTer  any  fuch 
compreffion  as  is  here  required  ;  confidering 
the  foftnefs  of  the  parts,  and  the  fat  upon 
the  external  coat  of  the  arteries  and  auricles, 
which  may  well  be  imagined  to  defend 
them  in  a  great  meafure  from  it :  befides 
it  is  ft  range  that  we  do  notobferve  other 
•mufcles  of  the  body  become  alternately  or 
conftantly  paralytic,  whofe  nerves  run  con- 
tiguous to  any  confiderable  artery,  or  are 
comprefled  by  any  preternatural  tumor. 
§)ui  fit,  obfecro,  fays  the  accurate  Morgagni, 
ut  nervi  inter  cojialis  mime r a  ab  ajjidua  artericz 
carotidis  pidfatione  non  turbentur,  prcefertim 
cum  is  nervus  non  poffit  cedere,  fed  communis 
ipfi,  et  arteria  ojfei  foraminis  parietibus  alii  da- 
tur  ?  Qui  fieri  poffet,  ut  in  Veneta  muliere, 
quam  cum  ainicis  dijfecuimus,  cum  arteria 
fubclavice  finifirce  fuperiores  pofticique  parietes 
in  aneurifma  expanfi,   duos  trefve  nerves  ex  iis 

qui 
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qui  ab  infer ioribus  cervicis  vertebris  ad  bra- 
chium  defcendunty  nulla  prorfus  interpojita  re 
cpntingerent ;  qui  fieri,  inqudm,  poffet,  ut 
nulla  tamen  debilitas,  nullus  torpor  in  eo  brachio 
fuerit  animadverfus.  *  ? 

Why  are  not  all  the  vifcera  in  the  abdo- 
men, to  which  the  intercoftal  nerves  are 
diftributed,  agitated  with  alternate  contrac- 
tions anfwering  to  thofe  of  the  diaphragm, 
fince  thefe  nerves,  by  paffing  through  the 
flefhy  part  of  this  mufcie,  mud  be  liable 
to  compreflion  every  time  infpiration  is  per- 
formed 1  And  why  do  not  many  of  the 
voluntary  mufcles,  when  ftrongly  contracted, 
occafion  palfies  or  ftupors  of  the  parts  below 
them,  by  prefling  upon  the  nerves  to  which 
they  are  contiguous  ? 

3.  It  is  to  be  remarked,  that  a  flight 
compreflion  of  a  nerve  is  not  fuificient  to 
render  the  mufcie  to  which  it  belongs  pa- 
ralytic :  thus  the  ulnar  nerve  rnuft  be  pretty 
ftrongly  compreffed  againft  a  hard  bone, 
before  the  ring  and  little  ringers  are  deprived 
of  their  power  of  motion  ;    nor  does  this 

happen 

f  Morgagm  adverfar.  anat.  vi,  animad.  24. 
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happen  without  being  attended  with  a  dif- 
agreeable  fenfation  in  thefe  parts. 

4.  As  the  comprefllon  of  the  ulnar  nerve 
does  not  immediately  bring  a  palfy  on  the 
mufcles  of  the  fingers  now  mentioned,  but 
after  it  has  been  continued  for  fome  confi- 
derable  time  ;  fo  when  this  prefTure  is  re- 
moved, the  motion  of  thefe  mufcles  does 
not  return  immediately  and  all  at  once,  but 
by  degrees,  and  not  till  after  fome  time  : 
wherefore,  allowing  the  cardiac  nerves 
were  alternately  compreffed  by  the  auricles 
and  arteries,  yet  the  heart  ought  not  to  be 
rendered  inftantly  paralytic  by  fuch  com- 
predion,  nor  fhould  it  recover  its  motion 
as  foon  as  this  comprefllon  is  removed. 
But  further, 

5.  Granting  the  cardiac  nerves  fufFer^ 
ed  as  great  comprefllon  in  their  pafTage, 
between  the  auricles  and  arteries,  to  the 
heart,  as  the  advocates  for  this  opinion 
could  defire ;  what  will  follow  ?  an  effedt 
furely  altogether  different  from  that  which 
is  here  contended  for  ;  fince  the  immediate 
confequence  of  fuch   comprefllon  muft  be 

the 
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the  fqueezing  forward  towards  the  heart, 
the  fpirits  fuppofed  to  be  contained  in  that 
portion  of  the  nerves  which  is  below  where 
the  comprefllon  is  made  ;  for  if  the  nerves 
are  fuppofed  to  be  hollow  tubes  which  con-^ 
vey  a  fluid  to  the  heart  in  order  to  its  con- 
traction, the  firft:  and  moft  immediate  effeft 
of  their  being  comprefTed  by  the  dilatation. 
of  the  auricles  and  arteries,  muft  be  a 
quicker  propulfion  and  more  copious  deriva- 
tion of  the  fpirits  into  its  fibres ;  /.  e.  the 
heart  ought  to  be  moft  ftrongly  contracted, 
at  the  time  its  diajlok  is  obferved  to  begin. 
And  in  fad:  we  find,  that  a  ligature  made 
on  the  par  vagum  is  fo  far  from  rendering 
the  heart  immediately  paralytic,  and  pre- 
venting its  contraction,  that  it  eaufes  -ftrong 
convulfive  motions  or  palpitations  of  this 
mufcle;  although  thefe,  indeed,  are  rather 
to  be  aicribed  to  the  irritation  which  thofe 
nerves  fuffer  than  to  any  propulfion  of  the 
fpirits,  fuppofed  to  be  contained  in  them, 
towards  the  heart  *. 

6.  Thjs 

*  See  below  Sect.  xiv.    No  26.   ;.» 
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6.   This  fuppofed  alternate  compreTiori 
of  the  cardiac  nerves  by  no  means  accounts 
for  the  motion  of  the  auricles,  whofe  fyftole 
happens   when   their    nerves   ought  to  be 
compreffed,  and  confequently  when  the  deri- 
vation of  the  fpirits,  into   them  fhould  be 
intercepted.     If  it  be  faid,  that  the  auricles 
are  ready  to  contradt  when    the  Jyftok  of 
the  ventricles  begins,  but  that,  being  weaker 
mufcles,  they  muft  wait   till  this  is  over*? 
I  anfwer,  that,  if  this  were  true,  the  auricles 
fliould  become  pale   and    tenfe   while    the 
ventricles   are   contracted,  fmce,   when  the 
influence  of  the   nerves  ads  more  ftrongly 
on  any   mufcle,   it  becomes  equally  hard,, 
whether  it  be  allowed  to  contract,  and  its 
extremities  to  approach  each  other,  or  not. 
But  further,  as  an  influx  of  fpirits  into  the 
fibres  of  any  mufcle,  muft  be  immediately 
followed  by  an   endeavour  in  them  to  con- 
tract, fo  if  this  be  prevented,  as  foon  as  the 
fpirits  are  again  intercepted,  their  influence 
to    produce   any   contraction    will    ceafe. 
This  is  evidently  the  cafe  with  fuch  mufcles 
as  are  under  the  power  of  the  will,  where 

any 

*  Bellvu  demotu  cord.  prop.  2.  Keifo  anatomy  cap.  3.  feci,  iv- 
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any  Hidden  bur  not  continued  effort*  if  it  is 
not  allowed  that  inftant  to  take  effedt,  im- 
mediately vanifhes ;  nor  is  it  to  be  doubted, 
that  the  fame  thing  niufl  happen  to  the 
auricles  of  the  heart.  But,  be  this  as  it 
will,  it  is  evident,  that  the  alternate  motions 
of  the  auricles  cannot  be  owing  to  any  com- 
preflion  of  their  nerves  ;  fince  it  is  acknow- 
ledged, by  the  beft  Anatomifts,  that  the 
courfe  of  thefe  nerves  is  fuch,  as  cannot  fub- 
jedt  them  to  any  alternate  preffure ;  which 
is  alfo  trtle  of  all  the  cardiac  nerves  in  thofe 
animals  whofe  hearts  have  only  one  ven- 
tricle, 

7.  In  dying  animals,  the  right  ventricle 
continues  to  contradt  after  the  left  one  has 
ceafed,  and  the  right  auricle  performs  its 
motions  for  fome  time  after  its  ventricle*. 
But  thefe  alternate  motions  of  the  right 
ventricle  and  auricle  cannot,  poffibly  a- 
rife  from  any  compreffion  of  their  nerves ; 
fince,  in  the  firft  cafe,  neither  the  aorta  nor 
left  auricle  are  dilated  with  blood  at  the 
end  of  the  fyftole  of  the  right  ventricle ;  and 

F  in 

*  Harvey  de  mot.  cord,  et  Tang.  cap.  4. 
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m  the  latter,  the  pulmonary  artery  alfo  re- 
mains empty.  In  frogs  and  fifhes,  whofe 
heart  has  but  one  ventricle  and  one  artery 
going  out  from  it,  the  alternate  motions 
of  this  organ  are  as  regular  as  in  men  and 
quadrupeds :  and  it  is  well  known,  that  the 
hearts  of  many  animals,  after  beifrg  fepa- 
rated  from  their  bodies,  continue  for  fome 
time  to  be  alternately  contracted  and  relax- 
ed with  great  regularity,  when  there  can  be 
no  alternate  compreffion  to  intercept  the 
nervous  influence  at  the  end  of  every  Jyftok. 

8.  Lastly,  It  may  well  be  looked  upon 
as  a  defect  of  this  theory  of  the  heart's 
motion,  that  it  does  not  any  ways  affift  us 
in  explaining  the  fpontaneous  action  of 
other  organs  in  the  body,  whofe  nerves  can- 
not, with  any  colour  of  reafon,  be  fuppofed 
liable  to  an  alternate  compreffion. 

Some  have  imagined,  that,  as  the  inter- 
coftal  nerves  pafs  through  the  fame  holes 
of  the  cranium  with  the  carotid  arteries, 
they  muft,  therefore,  fuffer  fuch  compreffion 
from  the  diafiok-  of  thefe  arteries,  as  fhall 
render  the   heart   paralytic   at  the  end  of 

every 
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every  fyftole.  In  anfwer  to  which,  it  may 
be  fufficient  to  aik,  why  the  other  mufcles 
and  vifcera  which  receive  nerves  from  the 
intercoftals,  do  not  exactly  correfpond  with 
the  heart  in  their  motions;  or  why  the 
auricles  and  ventricles  of  the  heart  are  not 
contracted  and  relaxed  at  the  fame  time  ? 

The  learned  De  Garter,  fully  aware  that 
the  fuppofed  alternate  compreffion  of  the 
cardiac  nerves  afforded  no  fatisfactory  ac- 
count of  the  motions  of  the  heart,  fuppofes 
that  vital  or  involuntary  motion  is  owing 
to  one  and  the  fame  caufe,  both  in  the 
heart  and  other  organs  of  the  body:  this 
caufe  he  imagines  to  be  fuch  a  ftrqcture  of 
the  involuntary  mufcles,  that,  when  their 
fibres  are  dilated  by  the  fpirits,  the  fniall 
nerves  which  pafs  between  them  are  com- 
prefled ;  To  that  no  fooner  are  the  fibres 
inflated,  than  the  fpirits  are  Intercepted,  and 
confequently  the  mufcle  begins  to  be  re- 
laxed ;  but  this  relaxation  of  the  mufcular 
fibres,  freeing  the  nerves  from  compreffion, 
the  fpirits  are  tranfmitted  as  formerly,  and 
the  mufcle  is  contracted  anew.  And  in  this 
manner   he   fancies  that,    as  Ions;   as  life 

remains, 
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remains,  the  mufcles  of  involuntary  motion 
muft  be  alternately  contracted  and  relaxed*. 
But, 

1.  Not  to  mention,  that  this  ftrncfture 
of  the  vital  organs  is  entirely  hypothetical, 
and  unfupported  by  any  experiment,  or  mi- 
crofcopical  obfervation  ;  it  may  be  afked, 
why  all  the  vital  organs  are  not  contra&ed, 
and  relaxed  at  the  fame  inftant ;  or  at  leaft 
why  the  motions  of  fome  are  renewed  after 
fhorter,  and  of  others  after  longer  intervals  ? 

2.  If  fuch  were  the  ftru&ure  of  the  muf- 
cles of  fpontaneous  motion,  that  their  con- 
traction muft  be  immediately  followed  by 
their  relaxation,  how  comes  it,  that,  by 
an  effort  of  the  will,  we  can  keep  the  dia- 
phragm in  its  ftrongeft  ft  ate  of  contraction, 
as  long  as  we  pleafe  ?  and  why  does  not  the 
relaxation  of  this  mufcle  necefTarily  follow 
its  contraction,  if  its  alternate  motions  de- 
pend on  a  general  ftrudhire,  common  to  it 
with  the  heart  and  inteftines ; 

3«  In 

?  porter  de  motu  vitali,  fe&.  39. 
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3.  In  cafes  where  the  lungs  are  obftrudted 
and  refpiration  is  rendered  difficult,  we  find, 
that,  even  in  time  of  fleep,    other  rnufcles 
befides  the   common  infpiratory  ones  are 
brought  into  alternate  contractions,  in  order 
to  raife  the  ribs,   and  enlarge  the  cavity  of 
*he  thorax ;  whence  it  appears,  that  rnufcles 
of  the  voluntary  kind  may,  on  certain  oc- 
casions, be  employed  in  the  performance  of 
the  vital  motions,  akho'  there  be  nothing 
in   the  ftru&ure  of  thefe  rnufcles  peculi- 
arly fitting,  them   for  fuch   alternate  mo- 
tions. 

4,  Further,  the  pupil  (whofe  motions 
are  as  involuntary,  and  as  little  perceived 
by  us  as  thofe  of  the  heart)  is  not  immedi- 
ately relaxed,  after  having  been  contracted 
by  the  admhTion  of  light  into  the  eye,  but 
it  remains  in  the  fame  degree  of  contrac- 
tion, as  long  as  the  fame  quantity  of  light 
is  tranfmitted  to  the  retina ;  which  could 
not  happen,  if  any  fuch  ftrudture  really  ob- 
tained in  the  rnufcles  of  the  uvea,  as  De 
Gorter  ftippofes  in  the  rnufcles  of  involun-. 
fary  motion.  We  reject  therefore  his  theo- 
ry 
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ry,  not  only  as  a  mere  hypothecs  without 
any  foundation,  bur  as  wholly  inefficient 
to  explain  the  various,  phenomena  of  fponta- 
neous  motion. 

Some  ingenious  Phyfiologifts  have  ima- 
gined the  contraction  of  the  heart  to  be 
owing  to  the  elaftic  power  of  its  fibres, 
which,  after  they  have  been  ftretched  by 
the  returning  venous  blood  dilating  the  au- 
ricles and  ventricles,  refile,  like  a  bent  bow, 
with  a  confiderable  force.  But  the  force 
with  which  a  fpring  recoils,  is  ever  propor- 
tional to  the  power  which  bent  it ;  where- 
fore, fince  the  fides  of  the  heart  contract 
with  a  much  greater  power  than  that  with 
which,  they  were  forced  afunder,  the  f/ftak 
of  this  mufcle  cannot  arife  merely  from  the 
elafticity  of  its  fibres,  but  mud  be  owing 
to  fome  additional  impetus,  at  that  time, 
communicated  to  them. 

Thus  much  being  premifed,  in  order  to 
fliew  the  weaknefs  and  infufficiency  of  fome 
of  the  molt  plaufible  theories,  that  have 
hitherto  appeared  concerning  the  heart's 
motion  ;  we  (hall  endeavour,  in  the  follow* 
ing  Section,  to  give  fuch  an  account  of  its 

fy/iok, 
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fyftole,  as  it  is  hoped  will  appear  no  lefs  fup- 
ported  by  reafon  and  analogy,  than  founded 
in  experiment  and  obfervation,  as  well  as 
ftrongly  confirmed  from  its  fully  anfvvcring 
all  the  phenomena. 


SECT.     III. 

Of  the  Jyftole   of  the  heart, 

T>Efore  we  inquire  into  the  caufes  of 
the  alternate  motions  of  the  heart,  it 
will  be  proper  briefly  to  mention  and  de- 
fcribe  three  different  ftates  of  that  mufcle, 
viz.  its  contraction,  relaxation,  and  dilata- 
tion ;  of  which  the  firft  and  laft  may  be 
faid  to  be  violent,  and  the  fecond  only  na- 
tural to  the  heart.  During  its  Jyftole,  the 
heart  is  contracted  in   all  its  dimenfions*, 

and 

*  It  has  been  warmly  difputed,  whether  the  heart  be- 
comes fhorter  or  longer  in  the  time  of  its  Jyftole.  But,  after 
carefully  infpe&ing  the  hearts  of  frogs  and  feveral  other  ani- 
mals, both  in  the  body,  and  when  feparated  from  it,  I  cannot 
help  (notwithstanding'  the  authority  of  Win/low  on  the  other 
fide)  agreeing  with  Dr.  Hunauld  zvA  others,  who  affirm,  that 

the 
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and  its  fubftance  becomes  remarkably  hard  : 
This  flate,  which  fcarcely  lads  one  third 
of  the  time  interveening  between  each  con- 
traction, is  followed  by  a  general  relaxa- 
tion of  the  heart,  by  which  this  mufcte  be- 
comes foft  and  flabby,  and  is  rendered  fome- 
what  longer.  Bartholine  calls  this  the  pe- 
rifyjlok  of  tht  heart  *.  It  continues  a  much 
ihorter  time  than  the  Jyftole,  the  ventricles 
being  inftantly,  after  their  relaxation,  filled 
with  the  returning  venous  blood,  and 
diftended  much  beyond  their  natural  capa- 
city, or  that  which  they  are  obferved  to 
have  in  animals  newly  dead ;  when  the  fibres 
of  the  heart  are  neither,  contra&ed  nor  di- 
lated by  any  adventitious  force,  but  left 
entirely  to  theimfelves.  The  diaftole  of  the 
heart  being  thus  fully  completed,  its  fyftoh 
immediately  enfues. 

Supposing  the  heart  now  in  its  full 
diaftole  ;  let  us  inquire  what  change  has  hap- 
pened to  it  fincc  the  end  of  the  preceeding 

fyftoie, 

the  heart  is  dlminiflied  in  length,  as  well  as  in  breadth,  when 
it  begins  to  contract.  Vid.  hrftoire  acad.  des  fciences  1 73 1^ 
edit.  8vo.  p.  32.  ire, 

*  Anatom.  p.  37.  377,  378. 
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fyftole,    which    may  be   fappofed  capable  of 
bringing  it   into  a  new  contraction.  —  We 
have  already  fhewn,   that  the  nerves  of  the 
heart  are  not,  at  this  time,   freed  from  any 
compreflion  which  a  little  before  could  have 
rendered   it   paralytic.     And  if  one  fhould 
fuppofe  fome  general ftru&ure  in  the  brain, 
which  determines   the  vital   ipirits  through . 
its   nerves  alternately,  and  as  ic  were  in  fuc- 
ceeding  waves,   yet  this  would  not  account 
for  the  motions  of  the   heart  ;    fince  the 
alternate  contractions   of  this  mufcle   con* 
tinue  for  fome  time  after  all  communication 
between  it  and  the  brain  has  been   cut  off. 
Further,  as  the  contractions  of  fome  of  the 
organs  of  vital   motion  are  performed  after 
fhorter,  of  others  afrer  longer  intervals,  we 
muft  neceiTarily  fuppofe*   at   the  origin  of 
the  nerves  belonging  to,  each  organ,  a  diffe- 
rent caufe  alternately  determining  the  fpirirs 
into  it.     But   of  fiich  hypothecs,    without 
cither  proof  or  probability,  there  can  be  no 
end. 

During   the  diajlole,  of  the  heart,    all 

its  coronary  veiTels,   which  were  in  a  great 

meafure  emptied  by  the  preceeding  fjjiok^ 

G  are 
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are  filled  with  blood  violently  pufhed  into 
them  by  the  contra&ion  of  the  aorta :  but 
as  the  arterial  blood  is  not  immediately  ne^ 
ceffary  to  the  contraction  of  a  mufcle  *,  and 
feems  only  to  contribute  to  it  in  a  fecon- 
dary  way,  this  alone  will  be  thought  far 
from  being  fufficient  to  account  for  the  fuc- 
ceeding  fyftole  of  the  heart.  'Tis  true  in- 
deed that  warm  water,  injedted  into  the 
arteries  of  an  animal  newly  dead,  excites 
fome  kind  of  motion  in  the  mulcles,  to 
which  thefe  arteries  are  diftributed.  But 
this  contradion  is  fo  weak  and  fo  unlike  that 
of  the  heart,  that  I  perfuade  myfelf,  hardly 
any  one,  will,  from  this  experiment  alone, 
imagine  the  fjjlole  of  the  heart,  to  be  ow- 
ing to  the  arterial  blood  pufhed  forcibly 
through  all  its  veflels,  in  the  time  of  its 
diajlole;  efpecially  fince  we  do  not  obferve 
the  lead  degree  of  an  alternate  motion  in 
the  fphindters  of  the  anus  and  bladder,  from 
the  blood  being  more  flrongly  impelled 
through  their  veflels,  upon  every  con  traeti  on 
of  the  heart,  than  during  its  diajlole.  This 
matter  however  is  put  entirely  beyond  di£ 
pute,  by  the  heart's  continuing  to  repeat  its 

contractions, 

*  Se<5l.  I.  No  2.  of  thisEflay. 
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contractions,  not  only  after  the  coronary- 
arteries,   and  pulmonary  veins  are  tied,  but 

after  it  is  feparated  from  the  body. The 

blood  then  with  which  the  coronary  vefTels 
of  the  heart  are  filled  during  its  diajlole, 
being  as  inefficient  as  is  the  fuppofed  com- 
preflion  of  the  cardiac  nerves,  to  account 
for  its  fucceeding  Jyjiole  ;  it  remains,  that 
we  next  inquire,  what  influence  the  return- 
ing venous  blood,  with  which  the  ventricles 
of  the  heart  are  diflended  during  its  diaftok, 
may  have  in  producing  its  fubfequent  fjftqle. 
And  is  it  not  reafonable  to  fuppofe,  that 
this  fluid  returning  by  the  cava  and  pulmo- 
nary veins,  and  rufhing  into  the  cavities  of 
the  heart,  with  a  confiderable  force,  mufl 
by  diftradting  its  fibres,  as  well  as  by  its 
motion  and  attrition  upon  the  fcabrous  fur- 
face  and  flefhy  pillars  of  the  ventricles,  fo 
ftimuiate  and  afTedt  the  fenfible  nerves  of 
the  heart,  as  to  bring  it  immediately  into 
contraction  *  ? 

Though  fome  authors  have  long  fincc 
afcribed  the  alternate  motion  of  the  heart, 
to  the  irritation  of  the  blood  received  by 

turns 

*Seft..i.N°8.  9.  to. 
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turns  into  its  cavities  -*  ;  yet  as  this  cauie 
has  been  much  overlooked  by  many  late 
writers,  and  not  rightly  underftood  by  fome 
others,  we  fhall  endeavour  to  confirm,  and 
illuftrate  the  manner  of  its  influence,  by  a 
variety  of  arguments. 

While  fome  authors  have  afcribed  the 
contraction  of  the  heart  folelv  to  the  blood, 
confidered  as  a  ftimulating  fluid,  which  ir- 
ritates the  internal  furface  of  its  ventricles ; 
others  have  been  unwilling  to  allow,  that 
the  blood  afts  in  any  other  fenfe  as  a  ftimu- 
his,  upon  the  heart,  than  as  by  its  weight 
and  impulfive  force  it  ftretches  and  extends 
the  fibres  compofing  its  ventricles  f.  But 
the  increafed  motion  of  the  blood,  from  the 
contagion  of  the  fmall  pox,  meafles,  &c. 
and  after  eating  or  drinking  any  thing  acrid, 

as 

*  Certumque  eft,  veficulam  dieram,  ut  et  cordis  awi- 
culam  poftea,  (unde  pulfatio  primum  incipit)  a  diftendente 
fanguine,  ad  conftrictionis  jnotum  irritari.  Harvey  de  general, 
animal,  exercit.  51. 

Fibrae  cordis  virtute  micationis  vitalis  fanguinis  in  ejus  ven- 
tiiculis  contenti,  per  vices  iRRiTATAE,excitantur  ad  fe  contra- 
hendas  et  pulfationem  faciunt,  mox  ikritatione  remitfa  re° 
laxantur.     Clljfon  de  vcntricul.  et  inteftin.  cap.  7.  p.  17c. 

f  Senac.  traite  du  coeur,  lib.  2.  cap.  4.   feci.  4. 
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as  well  as  the  power  which  acrid  or  ftimu- 
Jatingfubftances  have  in  renewing  the  heart's 
motion  after  it  is  feparated  from  the  body, 
are  circum  fiances  which  fhew,  that  the  con- 
traction of  the  heart  is  not  folely  owing  to 
its  fibres  being  diftracied  by  the  moment  of 
the  blood,  but  partly  to  the  irritation  com- 
municated to  its  internal  furface  by  the 
particles  of  that  fluid.  And  the  remarkable 
diminution  of  the  periftaltic  motion  of  the 
bowels,  when  the  cyftic  byle  is  hindered 
from  flowing  into  them,  makes  it  evident  that 
the  ftretching  of  the  fibres  of  the  inteftines, 
by  the  air  and  aliment  contained  in  them,  is 
not  the  fole  caufe  of  their  fucceeding  contrac- 
tion. On  the  other  hand,  the  increafeof  the 
heart's  motion  from  exercife,  or  from  any 
other  caufe,  whence  the  blood  is  returned 
in  greater  quantity,  and  with  more  force;  its 
diminution  by  blood-letting,  the  phenomena 
of  the  motion  of  the  ftomach,  and  of  the 
expulfion  of  the  urine  and/^f  *  ;  ail  thefe 
particulars,  I  fay,  prove,  that  even  the 
diftenfion  of  hollow  mufcles  has,  a  remark- 
able 

*  See  feci,  5,  below. 
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able  influence  towards  exciting  them  into 
adtion  *. 

Farther,  that  the  blood  is  extremely 
well  fitted,  to  ad:  upon  the  heart  as  zjiimu- 
lus,  in  both  thefe  ways,  will  appear,  if  we 
confider  its  compofition,  heat,  inteftine  mo- 
tion, what  fome  authors  have  fuppofed  it 
to  receive  from  the  air,  and  the  force  with 
which  it  rufhes  into  the  cavities  of  the  heart. 

I.  As  to  its  compofition.  The  blood  con- 
lifts  of  the  fame  principles  with  our  aliments, 
and  confequently  abounds  with  falts  and 
oils.  The  falts  of  the  blood  are  partly  of 
the  fixed  neutral  kind,  and  partly  rendered 
as  it  were  femivolatile  by  the  heat  and  mo- 
tion to  which  they  are  fubje&ed  ;  both  are 
extremely  apt  to  irritate  very  fenfible  ner^ 
vous  parts ;  for  we  know  that  any  kind  of 
fait  applied  to  the  eye  gives  remarkable  un- 
eafmefs.— The  oils  in  the  blood  are  either 
thofe  of  animal  fubftances,  the  exprefTed 
oil  of  vegetables,  their  attenuated  oil  by  fer- 
mentation, commonly  called  alchol,  or  laftly 
the  acrid  oil  of  aromaticks.     The  two  firft 

arq 

*  Sec  fe&.  i.  N°  8.  above. 
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are  no  ways  acrid  or  fit  to  act  as  a  ftimulus, 
uiilels  they  have  been  highly  attenuated  by 
long  expofure  to  heat,  or  by  attrition  ;  the 
two  latter,  viz.  ardent  fpirits  and  the  oil  of 
aromatics  are  very  apt  to  irritate  the  tender 
fibres  of  living  animals.  Hence  it  is  that 
fpirituous  liquors  largely  drunk  and  hot 
fpices  too  freely  ufed,  quickly  raife  thepulfe, 
and  make  the  heart  as  it  were  redouble  its 
contractions.  Hence  eating  animal  food 
or  drinking  ftrong  liquors,  which  abound 
with  faline  and  acrid  particles,  remarkably 
quickens  the  circulation,  and  increafes  the 
heat  of  the  body,  while  a  dinner  of  milk, 
mild  herbs,  or  cooling  fruits,  makes  little 
alteration  in  the  pulfe.  The  blood  there- 
fore as  it  is  impregnated  with  falts  and  at- 
tenuated acrid  oils,  muft  be  very  well  fitted 
to  communicate  a  gentle  flimiilus  to  thofe 
fenfible  nerves  which  terminate  on  the  inter- 
nal furface  of  the  auricles  and  ventricles 
of  the  heart. 

If  it  be  objected,  that  the  blood  difcovers 
no  acrimony  to  the  tongue,  nor  fenfibly  ir- 
ritates the  eye  ;  it  may  be  fufficient  to  an* 
fwer,  that,  though  this  fluid  be  remarkably 

fait 
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fait  to  the  tafte,  yet  I  do  not  afcribe  the 
whole  ftimulating  power  of  the  blood  to  its 
acrid  particles  alone,  but  to  thefe  in  con* 
junction  with  feveral  other  qualities  and  cir- 
-cumftances  juft  now  to  be  corifidered.  But 
further,  although  the  blood  did  not  difco- 
ver  the  lead  degree  of  acrimony  when  ap- 
plied to  the  nerves  of  the  tongue  (which 
however  is  not  the  cafe),  yet  it  might  be 
well  fitted  co  act  as  a  ftimidus  upon  other 
nerves  of  the  body,  differing  from  thefe  in 
their  conftitution  and  peculiar  fenfibility.— 
Many  poifons,  efpecially  of  the  antimonial 
kind,  are  void  of  almoft  any  degree  of  acri- 
mony, as  far  as  we  can  judge  by  the  tafte ; 
yet  they  fo  ftrongly  and  difagreeably  affect 
the  nerves  of  the  ftomach,  as  to  bring  this 
organ,  together  with  the  neighbouring 
parts,  into  violent  convulfions,  and  produce 
a  train  of  the  moft  direful  fymptoms;  by 
which  all  the  functions  of  the  animal  frame 
are  greatly  difordered,  interrupted  or  finally 
ftopt.  The  roots  of  the  ckuia  aquaticazie 
ftveetifh,  but  neither  acrid  nor  difagreeable ; 
and  cataplafms  of  them  applied  to  inflam- 
med  or  ulcerated    parts,    occafion  no  bad 

fymp- 
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fymptoms*;  yet,  when  taken  into  the 
ftomach,  they  foon  throw  the  whole  body 
into  the  moft.   terrible  convulflons,  which 

generally  end  in  death.- The  berries  of 

the  rbus  mytifolia  monjpeliaca,  though  there 
be  nothing  in  their  tafte  or  fmell  to  render 
them  fufpected,  yet  a£t  fo  powerfully  upon 
the  nerves  of  the  ftomach,  when  {wallowed* 
that,  in  half  an  hour  after,  they  bring  on 
an  epilepfy,  whofe  repeated  attacks  kill  the 
patient  in  lefs  than  24  hours  f. — Viper's 
poifon  affe&s  neither  the  nerves  of  the 
tongue  nor  ftomach  with  any  difagreeable 
fenfation  ;  yet  the  fmalleft  drop  of  it  re- 
ceived by  a  wound  into  the  blood,  feems  not 
only  to  a&  as  a  ferment  upon  this  fluid, 
but,  by  its  ftimulating  quality,  to  affe6t 
moft  violently  the  whole  nervous  and  vaf- 

cular  fyftems. The   putrid   excrement 

which  gives  no  difturbance  to  the  colon  or 
refium,  till  by  its  quantity  it  overftretches 
their  fibres,  would  create  ficknefs  and  vo- 
miting in  the  ftomach. — Urine  which  fcarce 
ftimulates  the  bladder  till  it  begins  to  dif- 
H  tend 

*  Wepfsri  hiftoria  cicut.  aquat.  p.  84. 

t  Memoires  acad.  fciences  1739,  edit.  Svo,  p.  627. 
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tend  it  too  much,  proves  a  good  purgative 
clyfter,  when  it  is  injected  into  the  great 
guts. — Warm  blood  received  into  the  fto- 
mach  by  a  rupture  of  any  of  its  veffels, 
proves  very  ungrateful  to  its  nerves,  but 
does  not  affed:  the  nerves  of  the  heart  or 
arterial  fyftem  with  any  difagreeable  fenfa- 
tion. — Every  one  knows  what  remarkable 
changes  happen  in  the  body  about  the  time 
of  puberty  :  thefe  changes  are  generally, 
and  not  without  reafon,  afcribed  to  the  femen 
which  now  begins  to  be  duly  prepared  :  they 
do  not,  however,  f|em  to  be  owing  fo  much 
to  the  reception  of  the  finer  parts  of  this 
fluid  into  the  blood,  as  to  its  peculiar  adtion 
upon  the  nerves  of  the  teftes  and  veftculae 
feminales ;  .yet  the  femen,  when  applied  to 
the  nerves  of  other  parts  of  the  body,  nei- 
ther fenfibly  titillates  them,  nor  produces 
any  remarkable  effedts. 

Thus  it  appears  from  a  variety  of  ex- 
amples, that  the  nerves  of  different  organs 
in  the  fame  animals  are  fo  conftkuted,  as  to 
be  very  differently  affected  even  by  the  fame 
things :  So  that  we  cannot  abfolutely  take 
upon  ourfelves   to  judge,    by  our  tafle  or 

fmell, 


other  Involuntary  Motions.       59 

fmell,  how  far  any  liquor  may  or  may  not  be 
adapted  to  adr.  as  a  ftimulus  upon  the  nerves 
of  a  particular  organ  ;  and,  confequently, 
that  although  the  blood  fcanee  irritates  fen- 
fibly  the  eyes  or  tongue,  it  may  nsverthe- 
lefs  fo  ftimulate  the  nervous  papilla  of  the 
heart,  as  to  excite  this  mufcle  into  contrac- 
tion: which  will  further  appear,  if  we  con^ 
fider  the  heat  of  this  fluid, 

2.  Heat  feems  to  be  no  more  than  a 
violent  vibration  or  motion  in  the  fmaller 
parts  of  bodies ;  therefore  the  blood,  as  it  is 
a  warm  fluid,  mufl  have  its  particles  agi- 
tated by  perpetual  vibrations,  which  mull 
be  communicated  to  the  nervous  papilla  on 
the  internal  furface  of  the  heart :  beildes, 
as  the  blood  abounds  with  oily  and  fulphu- 
reous  particles,  it  mud,  by  its  motion  and 
attrition  againft  the  veflels,  acquire  vibra- 
tions (till  more  remarkable. 

Because  in  fifties  and  frogs,  whofe 
hearts  retain  their  moving  power  very  long, 
the  blood  is  but  a  very  little  warmer  than 
the  water  in  which  they  fwim,  it  has  been 
faid,   that   the   ftimulating   quality  of  the 

blood 
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blood  cannot  be  any  ways  owing  to  its 
heat ;  but  a  little  reflexion  will  fhew  how 
ill  founded  this  aflertion  is. 

It  will  not  be  denied  that  a  certain  de- 
gree of  heat  is  neceffary  to  the  continuance 
of  the  motion  of  the  heart  in  thofe  animals 
whofe  blood  is  warm  ;  and  the  fame  thing 
is  not  lefs  true  of  frogs  and  fifhes,  whofe 
blood  is  not  really  cold,  although  it  may  be 
faid  to  be  fo,  when  compared  with  that  fluid 
in  men  and  many  other  animals.  As  a 
proof  of  this,  not  only  bats,  hedgehogs  and 
mod  of  the  infedt  tribe  remain,  in  northern 
countries,  in  a  torpid  flate  during  the  cold 
feafon  of  winter,  but  the  fame  thing  hap- 
pens to  frogs  and  other  animals,  whofe 
blood  is  but  very  little  warmer  than  the  air 
or  water  which  furrounds  them.  The  mo- 
tion of  the  heart,  however,  even  in  thefe 
animals,  may  be  at  any  time,  renewed,  and 
the  circulation  of  the  blood  and  life  may  be 
reftored,  by  expofing  them  to  an  equal  or 
greater  heat,  than  that  which  prevails  in 
the  fummer  feafon  ;  from  which  it  follows, 
that  a  certain  degree  of  heat  is  neceffary, 
ffjfcii  m  the  coldefl  animals,  to  the  conti- 
nuance 
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nuance  of  the  motion  of  the  heart :  and 
as  a  farther  proof  of  this,  when  the  hearts 
of  frogs  and  fillies,  after  being  feparated 
from  their  bodies,  begin  to  move  more 
languidly,  they  acquire  new  vigour  by  being 
expofed  to  the  heat  of  a  fire,  or  even  to  the 
fun-beams  in  a  hot  fummer's  day. 

The  truth  is,  that  there  is  no  abfolute 
cold,  but  only  different  degrees  of  heat; 
and  blood  whofe  heat  does  not  exceed  the 
fortieth  or  fiftieth  degree  in  Fareubeifs 
fcale  *,  may  be  as  fit  to  ftimulate  the  heart 
in  certain  animals,  as  the  much  hotter  blood 
of  men  and  quadrupeds  may  be,  to  continue 
the  motion  of  that  organ  in  them,  And 
indeed,  the  very  remarkable  efFecft  which 
heat  has  in  exciting  the  hearts  of  animals 
into  alternate  contractions,  and  thus  pro- 
moting the  circulation  of  their  fluids,  is  too 
well  known,  to  admit  of  any  doubt.  By 
different  degrees  of  warmth  or  cold,  infects 

and 

*  It  is  to  be  obferved,  that  although,  in  northern  climates, 
the  furface  of  the  fea  is  often  colder  than  frefh  water  when 
it  hegins  to  freeze,  and  confequently  would  make  Farenhskh 
thermometer  fall  under  thirty-two  degrees,  yet  at  any  con- 
fide.; ble  depth,  -nd  where  fifTies  generally  live,  the  fea  is  not 
much  colder  in  winter  than  in  iummer. 
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and  the  chick  in  the  fhell,  may  at  pleafure 
be  made  more  or  lefs  lively,  configned  to 
death  or  reftored  to  life*. 

3,  The  particles  of  the  blood,  befides 
the  ofcillations  they  are  put  into  by  heat, 
are  agitated  by  a  motion  of  another  kind. 
As  vegetables  make  up  the  chief  part  of  our 
aliment,  the  chyle  is  generally  acefcent ;  yet 
the  blood  and  other  perfectly  elaborated 
animal  juices  are  of  a  contrary  nature,  ever 
tending  to  putrefa&ion,  and  when  treated 
by  the  fire,  afford  a  volatile  inftead  of  a 
fixed  alcaline  fait :  fuch  a  change  in  the 
nature  of  the  chyle,  could  not  be  produced 
without  an  interline  motion  of  its  particles; 
which  we  find  to  be  the  grand  inftrument  of 
nature  in  changing  the  texture  and  difpo- 
fitions  of  all  vegetable  and  animal  bodies  f. 

This 

*  Vid.  Harvey  de  motu  cordis,  cap.  1 7.  de  generations 
animal,  exercitat.  17.  et  Reaumur,  hiftoire  des  infecles.  torn.  2. 
meinoire  l, 

•J-  It  is  as  unreafonabie  to  deny  any  ,degree  of  inteftine 
-motion  in  the  fluids  of  animals,  becaufe  this  is  not  perceived 
by  cur  fenfes,  as  it  would  be  to  argue  againft  their  being 
pofTefTed  of  any  degree  of  heat,  becaufe  \vc  are  not  fenfible  of 

their 
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This  inteftine  motion  added  to  the  vibra- 
tions of  the  particles  of  the  blood  from 
heat,  will  ftill  berter  qualify  it  for  acting  as 
a  ftimuks  upon  the  extremely  fenfible  and 
render  nerves  of  the  heart. 

4.  Sir  Ifdac  Newton  imagined,  that  the 
beating  of  the  heart  was  continued  by  an 
acid  vapour  in  the  air,  received  into  the 
blood  by  means  of  refpiration  *  ;  in  which 
opinion  he  has  been  followed  by  Dr.  Robin- 
fin  f  and  others.  But  although  particular 
regard  is  to  be  paid  even  to  the  hints  and 
conjectures  of  fo  great  a  man,  efpecially  of 
one,  who  was  no  lefs  remarkable  for  his 
caution  in  advancing  hypothefes,  than  for  his 
deep  knowledge  of  nature,  yet  the  love  of 
truth  is  ever  to  be  preferred  to  the  greater* 

names. 

The 

their  warmth  when  moving-  through  our  vefTels-  A  fluid, 
filch  as  the  blood,  compofed  of  various  and  difagreeing  par- 
ticles, whofe  attractive  and  repullive  powers  are  very  different, 
and  upon  which  the  fame  degrees  of  heat  and  friclion  mull 
have  different  effects,  cannot  fail,  by  its  rapid  motion,  to 
have  its  globules  and  their  conftitucnt  parts  agitated  with 
bride  vibrations. 

*  Optics,  edit.  8vo,  p.  355. 

f  Treatifeon  the  animal  oeconomy,  prop.  24. 
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The  opinion  of  Sir  Ifaac  Newton  as  well 
as  other  Philofophers,  who  imagined  that 
frefli  air  was  neceffary  to  preferve  the  life 
of  animals,  on  account  of  fome  pabulum 
or  vivifying  fpirit  which  it  contains,  fee  ns 
to  have  taken  its  rife  from  the  death  of 
fuch  animals  as  were  confined  in  a  clofe  vef- 
fel,  and  coniequently  were  obliged,  for  a 
long  time,  to  breathe  the  fame  air.  But 
this  fad  is  not  a  fufBcient  proof  of  that  opi- 
nion :  and  were  it  not  foreign  to  my  prefent 
purpofe,  I  could  bring  very  ftrong  argu- 
ments to  fhew  that  the  death  of  animals  in 
air  that  is  not  renewed,  is  not  owing  to  the 
consumption  of  any  vivifying  fpirit  or  pabu- 
lum vitte,  which  it  has  been  fuppofed  to  con- 
tain, but  to  the  vapours  exhaling  from  the 
bodies  and  particularly  from  the  lungs  of 
thofe  animals;  which  foon  acquire  fuch 
a  putrid  acrimony,  as  to  become  as  much 
a  real  poifon  to  the  nerves  of  the  bronchial 
tubes  and  pulmonary  vellcles,  as  is  the  va- 
pour of  the  grotta  de  cani  in  Italy,  the  damp 
of  fubterraneous  places,  or  the  fleams  of 
burning  charcoal. 

5-  A 
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5.  A  body,  whether  fluid  or  folid,  of  a 
nature  which  qualifies  it  to  adt  as  zjlimulus, 
will  excite  fo  much  the  ftronger  irritations, 
by  how  much  greater  the  force  is  with 
which  it  is  applied  to  the  fenfible  part ;  fince 
its  acute,  acrid,  or  otherwife  active  par- 
ticles, mud  by  this  means  ftrike  more 
ftrongly  againft  the  extremities  of  the  ten- 
der nerves.  Hence  the  blood,  which  we 
have  (hewn  to  be  well  fitted  for  gently  irri- 
tating the  fenfible  membranes  of  the  cavities 
of  the  heart ,  muft,  by  its  being  pufhed  into 
them  with  a  confiderable  force,  a£t  with 
fo  much  the  greater  energy.  But  further, 
as  by  the  blood  rufhing  impetuoufly  into  the 
auricles  and  ventricles  of  the  heart,  thefe 
cavities  are  dilated  beyond  their  natural  ca- 
pacity, fo  the  extenfion  which  their  fibres 
muft  fuffer  on  this  occafi on,  cannot  fail  to 
produce  fome  fort  of  irritation,  and  thus 
prove  a  ftimulus  to  their  fubfequent  contract 
tion*.  Agreeably  to  this,  Wepferus  has 
I  obferved, 

*  It  here  deferves  particular  notice,  that  while  the  ven- 
tricles of  the  heart  are  extended  much  beyond  their  natural 
fize,  by  the  force  of  the  refluent  venous  blood,  the  tendineo- 
caraoas  chords  which  often  run  from  one  fide  of  the  ventricles 

to 
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obferved,  that  after  one  vermicular  contrac- 
tion of  the  ftomach  is  performed,  another 
does  not  fncceed,  till  this  organ  begins  to  be 
remarkably  fwelled,  in  its  middle  part,  by 
the  rarified  air  contained  in  it,  or  generated 
by  the  diflblving  aliments :  But  this  diften- 
fion  of  the  ftomach  no  fooner  happens,  than 
a  new  contraction  of  it  begins,  which  pro- 
ceeding on  towards  the  pylorus,  expells  part 
of  that  air,  and  of  the  digefted  aliment  into 
the  duodenum  ;  after  which  this  orifice  col- 
lapfes,  and  a  new  intumefcenee  of  the 
ftomach  quickly  enfues  *•  Hence  it  appears 
how  great  an  analogy  there  is,  between 
the  caufes  of  the  alternate  contraction  of 
the  heart  and  ftomach  ;  both  being  excited, 
partly  by  the  diftradtion  of  their  fibres  by  a 
diftending  caufe,  and  partly  by  the  irrita- 
tion of  their  fenfible  nerves  by  a  ftimulating 

one. 

to  the  other  f,  muft  be  confiderably  ftretched  ;  which  cannot 
fail  to  produce  an  irritation  in  thefe  parts,  and  confo- 
quently  to  contribute  towards  exciting  the  fucceeding^o/?  of 
the  heart. 

f  Vid.  Cowper'i  myotom.  reformat,   tab.  39.  let.  b.   et  tab.  40.  let.  /. 
alfo  Senac.  Traite  da  coeur.  vol.  1. 

*   Wepferus  de  cicut.  aquat.  p.  177. 
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one.  In  like  manner  the  contraction  of  the 
bladder  of  urine,  and  the  defire  of  evacu- 
ating this  fluid,  is  not  only  owing  to  its 
acrimony  flimulating  the  nerves  of  the  blad- 
der, but  alfo  to  its  quantity  overftretching 
the  coats,  arid  diftracting  the  fibres  of  this 
organ. 

Upon  the  whole,  from  what  has  been 
faid,  it  may  appear,  that  as  the  violent  mo- 
tion of  the  fluids,  and  uncommon  contracti- 
ons of  the  heart  and  arteries  in  the  fmall 
pox,  mealies  and  other  feverifh  difeafes,  is 
in  a  great  meafure  owing  to  fome  foreign 
particles  mixed  with  the  blood,  whence  it 
ftimulates  their  nerves  more  ftrongly ;  fo 
the  ordinary  and  lefs  violent  motion  of  the 
heart,  is  owing  to  the  gentler  Jtimnlus  of 
the  fluids  in  a  found  (late. 

Further,  that  the  alternate  contractions 
of  the  heart  are  excited  in  the  manner  above 
explained,  a  variety  of  other  arguments 
concur  to  fhew. 

i.  The  quicknefs  and  ftrength  of  the 
heart's  motion  are,  ceteris  paribus,  always 
proportional  to  the  force  with' which   the 

venous 
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venous  blood  returns  to  its  ventricles  by  the 
vem  cava  and  pulmonary  veins:  hence  ex-, 
ercifeof  any  kind  accelerates  the  motion  of 
the  heart,  and  incfeafes  the  force  with 
which  it  contrails :  a  fit  of  laughter  will 
quicken  the  pulfe  above  twenty  beats  in  a 
minute  '*:  upon  an  intermiifion  of  refpira- 
tion,  the  pulfe  becomes  fmaller,  but  reco- 
vers its  former  ftrength  immediately  after 
repeating  it  again  f  • 

2.    It    appears  from  Dr.  llales\  experi- 
ments, that  the  blood  returns  to  the  heart 
by  rhe  two  vena  cava  with  nearly—  of  the 
force  with   which   it   was   pulhed  into  the 
avna\  and  as  the  left  ventricle  of  the  heart 
is   at  lead  three   times  ftronger  than   the 
right,   the  returning  venous  blood  will  en- 
deavour to  dilate  the  right  ventricle  with  a 
force  nearly  equal  to  ~  of  the  power  with 
whxh  it  nfually  contra&s  in  the  time  of  its 
fyjlole  ;    and  this  even  without,  taking  into 
the  computation,  the  additional  impetus  com- 
municated to  the  blood  by  the  contraction 

of 

*  Robinfon  on  the  aniinal  oeconomy,  prop.  21. 
f  Ibid.  prop.  24. 
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of  the  right  auricle :    but,  by  violent  {train- 
ing,  the  force  of  the  blood  in  the  veins  is 
often   rendered  above   four   times   greater 
than  ordinary*,   and  confequently  fuperior 
to  that  with  which  the  right  ventricle  con- 
tracts when  the  body  is  at  reft  1  wherefore, 
if  we  do  not  allow  the  flrength  with  which 
the  ventricles  of  the  heart  contrail,  to  de- 
pend in  a  great  meafure  upon  the  a&ion  of 
the  venous    blood  on    them,    it   will   be 
difficult  to  conceive  how  the  right  ventricle 
fhould  be  able  to  overcome  the  force  with 
which   the  blood  rufhes  into  it,  upon  any 
{training  or  violent  exercife,   and  in  horfcs 
running  at  full  fpeed.     Moreover,  it  is  evi- 
dent, from   the  ftate  of  the  pulfe  in  peri- 
pneumonies,  both  before  and  after  blooding, 
as   alfo   from    the  remarkable  increafe  of 
the  force  of  the  blood  in  the  aorta  and  its 
branches    after   deep   fighingf,    that    the 
ftrength  with  which  the  left  ventricle  of  the 
heart  cqntrav5ts,  is  immediately  increafed  or 
diminifhed,  according  as  the  blood  is  fqueez- 

ed 

*   Fales\  ftatical  EfFays,  vol.  2.  p.  14.  and  161. 
f  Ma/es's  ftatical  EfTays,  vol.  2.  p.  6.  and  16. 
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ed  with  more  or  lefs  force  through  the  pul- 
monary veins  into  its  cavity. 

3.  It  is  very  obfervable,  that  the  auricles 
and  ventricles  of  the  heart  are  no  fooner  fil- 
led with  the  refluent  blood,  than  they  imme- 
diately begin  to  contract ;  which  ftrongly  in- 
dicates the  influx  of  this  fluid  to  be  the  caufe 
exciting  their  fubfequent  contraction.  In  dy- 
ing animals,  thofe  cavities  of  the  heart  ceafe 
from  motion  firft,  which  are  firft  deprived  of 
the  returning  venous  blood:  hence  a  little 
before  death,  when  the  blood  is  not  pufhed 
by  the  force  of  the  right  ventricle  beyond 
the  capillary  arteries  of  the  lungs,  the  left 
ventricle  being  deprived  of  its  Jtimulus,  isob- 
ferved  firft  of  all  to  ceafe  from  motion,  and 
foon  after  it  the  left  auricle  :  but  the  right 
ventricle,  being  ftill  fupplied  with  blood  from 
the  two  cava,  continues  its  motions  for  fome 
confiderable  time  ;  and,  even  after  it  feems  to 
die,  the  alternate  motions  of  the  right  au- 
ricle are  kept  up  by  thefmall  ftream  of  blood 
>vhich  flows  into  it  from  the  vena  cavs. 
This,  however,  is  not  fufficient  to  a&uatethe 
right  ventricle,  till  after  feveral  contractions 

of 
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of  its  auricle,  more  blood  being  collefted 
in  it,  it  begins  anew  to  tremble,  and,  as  it 
were  with  fome  ftruggle  and  difficulcy,  (low- 
ly performs  another  contra&ion  *.  After 
both  the*  right  ventricle  and  auricle  have 
wholly  loft  their  motion,  the  right  finus  ve- 
nofas  continues  for  fome  little  time  gently  to 
palpitate,  and  its  tremulous  motion,  when 
about  to  ceafe,  may,  like  that  of  the  heart, 
be  renewed  by  heat,  or  any  thing  elfe  that 
is  capable  to  irritate  its  fibres  f.  Afcer  this 
right  finus  venofus  has  alfo  ceafed  to  move, 
the  trunks  of  the  ven<z  cavce  adjoining  to  it 
continue,  for  a  considerable  time,  to  be  al- 
ternately contracted  and  relaxed.  When 
the  vena  cava  inferior  is  tied,  and  the  blood 


*  After  cutting  away  the  vena  cava,  opening  the  pulmona- 
ry artery  and  emptying  the  right  ventricle  of  the  heart  of  all  the 
blood  contained  in  it,  M.  De  Halter  tied  the  aorta,  by  which 
means,  the  left  ventricle  and  auricle  were  kept  full  of  blood. 
He  then  obferved  the  right  auricle  to  remain  at  reft,  while 
the  right  ventricle  was  affected  with  a  feeble  palpitation  in 
confequence  of  its  fympathy  with  the  left  one :  But  the  left 
auricle  beat  ftrongly  for  fome  time,  and  the  left  ventricle  con- 
tinued its  alternate  motions  for  near  two  hours.  See  Acl.  Got- 
tingenf    vol.  i. 

f  Harvey  de  motu  cord.  cap.  4.  &  Walaus  de  motu  chy- 
11  &  fang,  epift.  1.  ad  fin.  Bartholin,  anat.  p.  783.  &  784. 
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is  fqueezed  out  of  that  portion  of  it  which  is 
between  the  ligature  and  the  heart,  its  mo- 
tion immediately  ceafes,  but  begins  again, 
as  foon  as  the  ligature  is  removed  and  new 
blood  is  allowed  to  flow  through  that  vein. 
Laftly,  after  both  the  ven<z  cctvce  of  a  rab- 
bit were  tied,  and  the  blood  contained  in 
them  and  the  heart,  was  evacuated  by  a 
hole  made  in  the  fubftance  of  this  organ ; 
its  motions,  as  well  as  thofe  of  its  auricles, 
and  the  trunks  of  the  vemt  cavc?f  ceafed  at 
once,  but  were  renewed  upon  the  ligatures 
being  taken  away  *. 

Dr.  Langrijh  tells  us,  that  in  a  dog  whofe 
thorax  he  opened,  apd  whofe  lungs  he  kept 
playing  with  a  pair  of  bellows,  the  auricles 
began  the  motion,  and  the  fy/iole  of  the 
ventricles  always  inftantly  followed  that  of 
the  auricles.  When  he  defifted  from  blow- 
ing frefh  air  into  the  lungs,  the  heart  lay 
ft  ill,'  but  recovered  its  motion  when  the 
lungs  were  ftrongly  diftended  anew.  In 
this  action,  he  never  could  difcover  that  the 
ventricles  began  the  motion,  but  the  au- 
ricles 

*  See  Bartholin,  epiftol.  anatom.  cent.  iv.  p.  in.  &  112. 
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i  icles  always  contracted  fifft,  and  immediate- 
ly after  them  the  ventricles ;  though  at  laft 
he  obferved  feveral  contractions  of  the  auri- 
cles which  were  not  fucceeded  by  any  mo- 
tion in  the  ventricles  %  From  what  has 
been  {aid,  it  plainly  appears,  why  the  mo- 
tions of  the  auricles  and  ventricles  are  not 
fynchronouSj  viz.  becaufe  they  receive  into 
their  cavities  at  different  times  the  return- 
ing blood,  which,  as  zjlinmlus,  excites  them 
into  contraction. 

4.  People  frequently  recover  front  a 
kipotbymia  and  fytcope  as  it  were  fpontane- 
oufly,  and  without  any  external  affiftance, 
becaufe  the  chyle  and  lymph  continue,  by 
means  of  the  periftaltic  motion  of  the  guts, 
to  be  forwarded  to  the  fubclavian  vein  and 
cava ;  at  the  fame  time  that  the  venous 
blood,  partly  by  the  contractile  power  of 
the  greater  arteries,  and  the  ofcillatory  mo- 
tions of  the  fmaller  ones,  and  partly  by  r he 
conftrictibn  of  the  cutaneous  vefTels  from 
cold,  is  tranfmitted  into  the  branches  of  the 
two  pence  cava,  and  forwarded  to  the  right 
&  auricle 

*  Cronean  Iefliires  oil  rhufcuhr  matiof!,  £*;  6\y  62. 
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auricle  of  the  heart,  which  it  firft  ftimulates 
into  contraction  ;  and  immediately  after- 
wards fets  the  right  ventricle  alfo  a  going. 
Nay  many  people  who  have  been  dead  in 
appearance,  have  been  reflored  to  life  by 
blowing  air  into  their  lungs,  and  thus  com- 
municating a  new  motion  to  the  ftagnating 
blood  in  the  cava  inferior  and  pulmonary 
veins.  Of  this  we  have  a  remarkable  in- 
flance  recorded  in  the  Edinburgh  Medical 
Ejfays,  vol.  5.  art.  55. ;  where  we  are  told, 
that  a  man  was  brought  to  life,  by  diftend- 
ing  his  lungs  with  air,  and  putting  the 
blood  in  the  pulmonary  veins  and  left  funis 
venofiis  into  motion,  after  his  heart  had  re- 
mained at  reft  for  at  leaft  half  an  hour  *  : 
and  that  it  was  in  this  way  that  the  blow- 
ing into  his  lungs  recovered  him,  is  evident ; 
fince  no  fooner  were  the  lungs  thus  dilated, 
than  immediately  the  heart  began  to  move, 
and  fix  or  feven  very  quick  beats  were  felt 
below  his  left  bread  ;  after  this,  the  lungs 
continuing  of  themfelves  to  play,    a  pulfe 

was 

*  The  inflation  of  the  lungs,  by  preflmg  the  vena  cava 
inferior,  muft  alfo  have  communicated  a  motion  to  the  blood 
in  the  right  firms  venofus. 
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was  foon  perceived  in  the  arteries.  Hence 
it  appears,  that,  in  order  to  fet  the  heart  a 
going,  and  reftore  life  in  animals  which  are 
not  irrecoverably  dead,  it  is  only  necefTary 
to  communicate  fuch  a  motion  to  the 
blood  in  the  cava  or  pulmonary  veins,  as 
may  enable  it  a  little  to  dilate  the  auricles 
and  ventricles  of  this  mufcle.  - 

5.  The  heart  after  it  has  ceafed  to  move, 
is  not  only  fet  a  going  again  by  determining 
the  venous  blood  into  its  cavities,   but,  in 
animals   which   have   been  for  fome  time 
dead,  its  motion  may  be  renewed  by  blow- 
ing air  through  the  thoracic  dud:  or  vena 
cava  into  its  right  auricle  and  ventricle,    or 
through  the   aorta  into  its  left   ventricle. 
Thus,    while  Peyerus    was  endeavouring   to 
diflend   the  receptaculum  cbyli  and  thoracic 
dud  with  air,  the  heart  was  not  only  ren- 
dered  turgid  by  this  fluid  which  had  made 
its  way  into  it,    but  immediately  began  to 
vibrate,  and  continued  its  motions  for  feve- 
ral  hours*.      The   fame   experiment    was 

afterwards 

*  Peyeri  parerg.  7.  p.  199.  and  JVepfer,  de  cicup.  aquat>  p.  89. 
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afterwards  repeated  by  Brimnerus  on  a  dog 
with  equal  fuccefs  *.  And  Harderus  relates 
that  in  a  ftork,  which  had  been  killed  by 
poifon,  he  made  the  heart  renew  its  mo- 
tion, by  blowing  air  into  the  aorta  f .  Since, 
in  thele  experiments,  and  in  others  whiph 
might  be  recited  from  other  authors,  the 
heart,  which  had  lain  quiet,  and  without 
any  motion  for  a  confiderable  time  after 
death,  was  readily  excited  into  contraction 
by  the  air  ftretching  its  fibres,  and  probably 
flimulating  its  nervous  papilla ;  and  fmce 
the  heart,  as  we  are  told  by  Dr.  Harvey,  and 
as  I  have  often  experienced,  after  it  has  ceaf- 
ed  to  move  in  an  animal  newly  killed,  may 
be  again  put  in  motion,  by  applying  to  it  a 
little  warm  faliva  %  ;  we  need  nor  be  at  a 
lofs  to  account  for  the  alternate  motions  of 

that 

*  Experiment,  circa  pancreas,  p.  21* 
f  Addjtamenti  ad  Payeri  parerg.  7.  p.  20-r. 
±  In  columha  certe  experimento  facto,  noftquam  cor 
defierat  omnino  moveri,  et  nunc  ctiam  auriculae  motum  reli= 
querant  per  aliquid  fpatium,  digitum  faliva  madefaelum,  et 
calidum  cordi  fuperimpoiitum  detinui :  hoc  fomento  quaft 
vires  et  vitam  poftliminio  recuperafTet,  cor,  et  ejus  auriculas, 
movei  et  fefe  contrahere  atque  laxare,  et  quafrab  orco  revo-j 
cari  videbantur.     Narv.  de  motu.  cord.  cap.  4, 
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that  organ  in  living  animals,  where,  a  warm 
a&ive  fluid  is  alternately  pufhed  into  its 
cavities. 

THEfiE  is  only  one  obje&ion,  which  at 
prefent  occurs,  to  the  above  account  of  the 
heart's  contraction,  viz.  th^t   its  alternate 
motions  may  be  owing  to   fome  peculiar 
power  refulting  from  the  ftru&ure  and  con- 
ftitution  of  its  fibres,  and  that  by  virtue  of 
this,  it  is  enabled  to  continue  thefe  motions 
long  after  the  blood  has  ceafed  to  adl  upon 
it.     In  anfwer  to  which,  it  is  fufficient  to 
obferve,  that  in  dead  animals  in  whom  the 
motion  of  the  blood  is  ft  opt,  the  heart  re-, 
mains  at  reft  till  its  vibrations  are  renewed* 
by  expofing  it  to  the  open  air,  or  by  other- 
wife   ftimulating    it  *  :     whatever   power 
therefore,  may  be  fuppofed  to  refide  in  the 
fibres  of  the  heart,  a  ftimutus  of  one  kind  or 
other  is  always  neceffary  to   excite  it  into 
a&ion.     In  living  animals  this  ftimutus  is,  as 
we  have  fliewn,  no  other  than  the  returning 
venous   blood  :    in   animals    newly   dead, 
warm  water,  air,  and  a  variety  of  other  ftfc 
muli  excite  into  action   this  power  which 

feems 

*  Sedt.  xiy.  bplovy. 
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fcems  to  refide  in  the  fibres  of  the  heart ; 
which,  whether  it  is  owing  merely  to  their 
mechanical  ftru&ure,  to  the  animal  fpirits 
lodged  in  them,  or  to  fome  other  caufe, 
will  more  fully  appear  in  the  fequel  of  this 
E%. 


SECT.     IV. 

Of  the  relaxation  and  diaftole  of  the  heart. 

TTAving  fhewn  that  the  Jyjiole  of  the 
heart  is  owing  to  the  returning  venous 
blood  acting  upon  its  auricles  and  ventricles 
as  a  ftimulus,  it  remains  that  we  next  in- 
quire in  what  manner  its  relaxation  and 
diaftole  are  brought  about. 

The  ventricles  of  the  heart  having,  by 
their  contraction,  expelled  the  blood  contain- 
ed in  them,  into  the  ^rr^andpulmonary  arte- 
ries, are  immediately  after  relaxed;  theirfibres 
lofing  that  tenfion  and  firmnefs  which  they 
had  the  moment  before.  This  relaxation 
of  the  heart  muft  neceffarily  follow  hsfyftole, 
fince  the  mufcles  of  living  animals,    after 

being 
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being  excited  into  contra&ion  by  any  Jli- 
mulus  applied  to  them,  are  quickly  relaxed 
again  %  What  may  be  the  reafon  of  this 
phenomenon  we  fhall  not  now  inquire,  but 
refer  it  to  be  afterwards  difcufTed  in  a  more 
proper  place  f ;  it  being  fufficient  for  our 
prefent  purpofe  that  the  thing  is  allowed  to 
be  true.  Only  we  may  obferve  with  refpe<£t 
to  the  heart,  that  as  the  ftimulating  caufe 
{viz.  the  blood)  is,  during  the  Jy/iole,  ex- 
pelled out  of  its  cavities,  it  is  reafonable  to 
think  that  the  fibres  of  this  mufcle  which 
were  in  a  violent  (late,  will  of  themfelves 
endeavour  to  return  to  their  moft  natural 

condition  {. 

The 

*  Sect,  i.  N°  10.  and  n.  above. 

•j-  Sect.  x.  below. 

$  Dr.  Langrlfh  is  of  opinion,  that  when  the  heart  is  in 
fyjloky  fome  of  its  fibres  are  always  ftretched  out  beyond  their 
natural  tone  ;  fo  that  by  their  elaflic  reftitutive  property, 
they  act  in  a  certain  degree  as  antagonifts  to  the  contracted 
fibres,  and  fo  contribute  to  unbend  them  at  the  end  of  every 
fyflole.  Cronean  lettures,  p.  55.  But  whatever  may  be 
in  this,  it  does  not  appear  that  the  heart  is,  by  any  thing  in 
its  make,  better  fitted  to  relax  itfelf,  than  the  other  mufcles  ; 
lince  thefe,  or  even  a  few  of  their  fibres,  when  feparated  from 
the  body,  and  fo  deprived  of  their  antagonifb,  are  obferved 
to  be  alternately  contracted  and  relaxed  like  the  heart.  Vid. 
Sect,  xiv.  below. 
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The  ventricles  of  the  heart,  in  confer 
quence  of  the  relaxation,  which  happens  to 
their  fibres  after  their  fjjiole  is  finifbed,  give 
no  refiftanee  to  any  caufe  that  begins  to  dilate 
them;  but  will  not,  without  violence,  allow 
their  fides  to  be  removed  from  each  other,  fo 
much  as  happens  during  their  diaflole. 

From  Dr.  Hales  andLangriflos  experiments 
compared*  it  appears  that  the  capacity  of 
the  left  ventricle  of  an  ox's  heart,  in  confe- 
quence  of  the  natural  relaxation  of  its  fibres, 
is  to  its  capacity,  when  fully  dilated  by  the 
refluent  blood,  nearly  as  i  to  i\  *.  As 
therefore  the  the  relaxation  of  the  heart  at 
the  end  of  every  Jyjiole,  is  owing  to  the 
contraction  of  its  fibres  ceafing  at  that  time  ; 
fo  its  full  diajlole  is  produced  by  the  return- 
ing venous  blood,  which  enters  its  cavities 
with  a  very  con fiderable  force.  Without 
this,  it  is  impoffible  that  any  relaxation  of 
the  heart  could  produce  its  diaflole ;  fince  a 
hollow  mufcle,  fuch  as  the  heart  or  bladder 
of  urine,  can  never  be  fully  dilated  by  means 
of  its  oVvn  internal  mechanifm,  or  without 

the 

*  Vid.Hakfs  ftatical  efTays,  vol.  2.  p.  25.  &   Langr'ifh'? 
Croneaa  leftures,  No.  147. 
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the  affiftance  of  a  diftending  cauft  intro- 
duced into  its  cavities.  But  although  the 
dtajhie,  or  full  dilatation  of  the  ventricles  of 
the  heart,  mud  neceffarily  be  afcribed  to  the 
force  of  the  refluent  blood  ;  yet  this  alone, 
without  a  preceding  relaxation  of  their  fibres, 
•would  be  insufficient  to  produce  that  effect. 
'Tis  true  indeed,  that  the  contraction  of  the 
auricles,  and  the  momentum  of  the  refluent 
blood,  are,  in  fome  fenfe,  antagonifts  to  the 
ventricles*;  but  both  thefe  taken  together, 
falling  much  Short  of  the  force  with  which 
the  ventricles  contract,  there  muft  necefia- 
rily  be  fome  other  caufe,  which  relaxes  the 
fibres  of  the  heart,  and  renders  them  as  it 
were  paralytic  at  the  end  of  every  Jyftole* 
Befides  this,    the  flaccid  appearance  of  this 

L  mufcle, 

*  It  is  a  miftake  to  think,  that  no  blood  is  pufhed  into 
the  ventricles  of  the  heart  during  their  diajlols,  except 
what  was  contained  in  the  auricles  properly  fo  called.  A 
certain  quantity  of  blood  from  the  [inns  venofi  alfo  enters 
them,  without  being  previoufly  received  into  the  auricles : 
of  this  the  finalinefs  of  the  left  auricle  alone  is  a  detnonftra- 
tion.  We  are  therefore  to  conceive  of  the  blood  during  the 
diajhle  of  the  heart,  as  rufhing  into  its  ventricles,  both  from 
the  auricles  and  flnus  venofi)  and  with  the  united  force  arifing 
from  its  momtntum  in  the  veins  arid  from  the  contraclile  pbwcf 
of  thefe  hollow  nnifcles. 
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mufcle,  immediately  after  its  contraction 
is  finifhed,  and  before  its  ventricles  are  filled 
with  blood,  demonftrates  beyond  all  doubt, 
that  its  fibres  are  then  in  a  ftate  of  relaxation. 

What  has  been  juft  now  faid  of  the  re- 
laxation and  diaflole  of  the  ventricles  of  the 
heart,  is  fo  applicable  to  its  auricles,  that 
it  would  be  quite  fuperfluous  to  fay  any 
thing  of  their  dilatation. 

We  have  already  obferved  *,  that  the 
force  with  which  the  ventricles  of  the  heart 
contrad:,  is,  ceteris  paribus,  always  propor- 
tional to  the  momentum  with  which  the  blood 
flows  into  them,  or,  in  other  words,  to  the 
caufe  dilating  them  :  the  fjjiole  of  the  ven- 
tricles will  therefore  be,  ceteris  paribus,  al- 
ways proportional  to  their  preceding  dia- 
Jiok  ;  and  hence  it  is  that  a  full  pulfe  ftrikes 
the  finger  with  fo  much  greater  force  than 
a  fmall  one. 

As  the  left  ventricle  of  the  heart  muft,  on 
account  of  its  fuperior  ftrength,  require  a 
greater  force  to  complete  its  diaflole  than 
the  right  ventricle,  the  blood  ought  to  re- 
turn to  it  with  a  greater  momentum ;  and  that 
it  really  does  fo,  will,  I  prefume,   evidently 

appear 

*  Seft.  iii. 
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appear  from  what  follows. — The  force  with 
which  the  blood  returns  to  the  right  ven- 
tricle of  the  heart  by  the  two  verne  cavz,  is 
in  animals  at  reft  and  not  agitated  with 
convulfions,  according  to  Dr  Hales's  experi- 
ments, nearly  equal  to  TJ-  of  the  force  with 
which  it  was  pufhed  by  the  left  ventricle 
into  the  aorta*;  i.  e>  in  a  man  of  an  ordinary 
fize,  it  a£fo  in  dilating  the  right  ventricle 
with  a  force  equal  to  the  prelTure  of  a  co- 
lumn of  blood  whofe  height  is  between  8 
and  9  inches,  and  whofe  bafe  is  equal  to 
the  internal  furface  of  that  ventricle,  1,  e. 
with  a  force  equal  to  the  prefTure  of  about 
five  pounds  f . — -The  force  with  which  the 
blood  returns  by  the  pulmonary  veins  to 
the  left  ventricle  of  the  heart,  is  not  fo  ea- 
fily  determined  ;  but  that  it  muft  be  very 
confiderable,  is  evident,  from  the  prelTure 
of  the  air  upon  the  veffels  of  the  lungs  in 
refpiration  ;  the  precife  force  of  which  as  it 

is 

*  M.  Sauvages  has  computed  the  virtual  velocity  or  momen- 
tum of  the  blood  in  the  iliac  artery  of  a  dog,  to  be  at  leaft 
twelve  times  greater  than  in  its  correfponding  vein.  See  Hi- 
ftoire  Acad,  de  Berlin,  175^. 

jr>Ha!es*s  ftatical  efTays,  vol.  2.  p.  40. 
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Is  difficult  to  inveftigate,  fo  it  is  not  to   be 
wondered,    that  feveral   learned    men    who 
have  attempted  it,    fhould  have  fallen   into 
miftakes.     It  feems>  however,  demonflrable, 
from  an  experiment  of  John  Bemouilli,  that 
when  one  endeavours  to  exfpire  with  all  his 
might,  the  whole  furface  of  all  the  veficles 
of  the  lungs  may  fuftain  a  preiTure  equal   to 
420  lib.  weight*.     But    as  this  can    only 
happen  upon  the  moft  violent  (training,   it 
is  of  little  ufe  to  determine  the  prefTure   of 
the  air  upon  the  lungs   in  ordinary  refpira- 
tion  ;  which  muft    bear  a   very  fmall  pro? 
portion   to   this,   and  is  not  only  different 
in  different  perfons,    according  to  the  eafe 
with  which   they  breathe,  but  vaftly  diffe- 
rent in  the  fame  perfons  at  different  times : 
and   although  the  prefTure  of  the  air  upon 
any  particular  portion  of  the   lungs  muft 
appear  to   be  fmall   in  ordinary  refpiration, 
if  we  confider  how  foftly,  and  with  what 
eafe   this  aftion  is  carried  on,    yet   the  pref- 
fure  upon  the  whole   internal  furface  of  all 
the  pulmonary  veficles  may  be  very  confider- 
able.       Thus,    if  the  force  of  the  air  rufh- 

ing 

*  Micbellot.  de  feparatiope  fiuidor.  p.  1S1. 
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Ing  out  at  the  aperture  of  the  glottis  in  or- 
dinary exfpiration,  be  fuppofed  equal  to  the 
preifure  of  2  grains,  (which  is  far  from  be- 
ing an  extravagant  demand),  then,  lince 
fluids  prefs  equally  on  all  fides,  every  por- 
tion of  the  internal  furface  of  the  lungs  of 
the  fame  dimenfion  with  the  aperture  of  the 
vlottis,  h  e.  every  jof  a  fquare  inch  of 
their  furface  (for  the  aperture  of  the  glottis 
does  not  exceed  this)  mud  fuftain,  at  that 
time,  a  prefllire  from  the  air  equal  to  2 
grains ;  wherefore,  fuppofing  the  fum  of 
the  furface  of  all  the  veficles  of  the  lungs 
in  a  man  to  be  20,000  fquare  inches,  it 
muft,  in  ordinary  exfpiration,  fuftain  a  pref- 
fure  equal  to  320,000  grains,  or  666  oun- 
ces *.  If  to  this  force  alternately  pre/ling 
on  the  lungs,  we  add  die  momentum  which  the 
blood  in  the  pulmonary  velTels  receives  from, 
the  contraction  of  the  right  ventricle  of  the 
heart,  it  will  appear  highly  probable,    that 

this 

*  Dr.  Kell  has  eftimated  the  fum  of  the  furface  of  all  the 
veficles  in  the  human  lungs  to  be  21906  fquare  inches;  which 
computation  is  in  Dr.  Naies's  opinion  too  low,  who  has  deter- 
mined this  furface  in  a  calf  to  be  40,000  fquare  inches.  Mallei's 
ftatical  efTays,    vol.  1.  p.  242 
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this  fluid  returns,  by  the  pulmonary  veins, 
to  the  left  ventricle  with  a  much  greater 
force,  than  it  did  to  the  right  one  by  the 
two  vena  cava. 

But,  to  put  this  matter  beyond  all  doubt, 
we  need  only  compare  the  capacities  of  the 
two  vena  cava  and  pulmonary  veins.  Ac- 
cording to  the  meafures  of  rhe  accurate  Santo- 
rim,  the  area  of  the  tranfverfe  fe&ions  of  the 
two  vena  cava,  is  to  that  of  the  pulmonary 
veins,  nearly  as  3  to  2*.  Now  the  momentum 
of  the  blood  in  thefe  different  veiTeis,  mull  be 
as  the  tranfverfe  fectipn  of  the  veffels  multi- 
plied into  the  fquares  of  the  velocities :  but 
fince  equal  quantities  of  blood  pafs  through 
them  in  equal  times,  the  velocities  muft  be 
inverfely  as  the  fum  of  the  tranfverfe  fec- 
tions;  therefore  (by  compound! ngratio's)  the 
momenta  will  beinverfely  as  the  fum  of  the 
fame  tranfverfe  fections,  f.  e.  the  momentum  of 
the  blood  in  the  cava,  taking  Santorini\  mea- 
fures for  a  ftandard,  is  to  its  momentum,  in  the 
large  trunks  of  the  pulmonary  veins,  as  2  to 
3  :  and  this  upon  the  fappofition  that  the 
refiftance  to  the  blood's  motion  in  the  cava 
and  pulmonary  veins   were   equal ;    which 

however 

*  Gbfe'rvat.  anatom.  p.  1 45« 
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however  is  not  the  cafe,  fince  the  left  ven- 
tricle of  the  heart  muft  require  a  greater 
force  to  complete  its  diaflole  than  the  right 
one,  and  confequently  give  a  greater  refifl- 
ance  to  the  blood  flowing  into  it  from  the 
pulmonary  veins,  than  the  right  ventricle 
does  to  the  blood  in  the  cavx.  Suppofmg 
therefore,  with  Santorini,  that  the  capaci- 
ties of  the  cav<e  ;and  pulmonary  veins  are  ge- 
nerally as  3  to  2,  the  momentum  of  the 
blood  in  the  latter,  will  exceed  its  momentum 
in  the  former,  in  a  proportion  fomewhat 
greater  than  that  of  3  to  2. 

M.  Hehetius,  it  is  true,  has  drawn  a  dif- 
ferent conclufion  from  the  fmall  capacity  of 
the  pulmonary  veins,  twhen  compared  with 
that  of  the  vena  cava,  or  pulmonary  ar- 
tery#,  viz.  that  the  blood  is  denfer  in  the 

former 

*  The  fum  of  the  tranfverfe  areas  of  the  pulmonary  veins, 
is  not  only  lefs  than  that  of  the  two  cava,  but  alfo  lefs  than 
the  fum  of  the  tranfverfe  areas  of  the  branches  of  the  pul- 
monary artery,  contrary  to  what  is  obferved  almoft  every 
where  elfe  in  the  body.  It  has  been  warmly  difputed,  whether 
this  difcovery  was  firft  made  by  He/vetius  or  Wlnjlow,  or  W 
it  does  not  rather  belong  to  Dr.  Drake,  who  has  painted  the 
branches  of  the  pulmonary   artery  larger  and  more  numerous 

than 
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former  than  in  the  latter,  but  not  that  it^ 
velocity  is  greater  f:  and  this  denfity,  he 
imagines,  it  acquires  chiefly  by  being  expo- 
fed  to  the  cool  air,  in  its  paffage  through 
the  fmall  veflels  of  the  lungs,  In  anfvver 
to  which,  it  is  fufficient  for  ourpurpofe  to 
obferve,  that  unlefs  the  blood  is  condenfed 
in  the  lungs  into  -f  of  its  former  bulk,  (a 
fuppofition  which  cannot  be  admitted)  it 
muft  needs  flow  through  the  pulmonary 
veins,  with  a  greater  velocity,  and  conie- 
quently  with  a  greater  momentum,  than  thro* 
the  two  cava*     The  fmall   expanfion   and 

conden- 

than  thofe  of  the  veins,  (Anat.  tab.  12.  and  13.);  although 
he  fays  nothing  of  this  inequality  either  in  his  defcription 
of  the  lungs,  or  in  his  explication  of  thefe  figures.  This 
debate,  of  no  great  importance  indeed,  might  have  been 
eafily  decided,  if  the  perfons  concerned  in  it,  had  looked  into 
the  proem  of  Dr.  Harvey* %  book  cte  motu  cordis,  &c. ;  where 
we  find  the  following  paffage  ;  from  which  it  appears,  that 
this  fpeciality  in  the  pulmonary  veins  was  not  unknown  to 
that  illufhious  author.  "  Quum  vetiam  arteriofam,  vas  am- 
"  plum  magnum  cum  tunica  arterise  faflum,  non  nifi  private 
<e  et  uni  ufui,  (viz.  alendis  pulmonibus)  deftinarint :  cur 
f<  arteriam  venalem  vix  pari  magnitudine  cum  tunica  venas 
u  molli,  laxa,  pluribus  ufibus,  tribus  vel  quatuor  videlicet, 
fabrefactam  efTe  aileverant  ?  " 

f  Memoires  acad.  des  fciences  1718.  edit.  Svo,  p.  281.  tkc 
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condenfation  of  water,  oil,  fpirit  of  wine, 
and  other  liquors  in  thermometers,  arifmg 
from  confiderable  degrees  of  heat  and  cold, 
fhew,  that  the  cool  air  applied  to  the  fur- 
face  of  the  lungs,  can  have  but  little  influ- 
ence in  condenfing  the  blood  ;  befides, 
it  feems  not  at  all  improbable,  that  the 
blood  may  acquire  a  heat  in  the  lungs,  fuf- 
ficient  to  compenfate  the  refrigeration  it  is 
there  expofed  to.  It  is  generally  thought, 
and  indeed  not  without  good  reafon,  that 
the  blood  in  the  pulmonary  veins  is  fome- 
what  denfer  than  in  the  artery  of  that 
name :  but  this,  perhaps,  is  not  fo  much  to 
be  afcribed  to  the  coldnefs  of  the  infpired 
air,  as  to  its  prefTure,  and  to  the  action  of 
the  elaftic  veffels  of  the  lungs. 

If  it  be  objedted  to  what  we  have  offered 
in  proof  of  the  blood's  returning  with 
greater  force  to  the  left,  than  to  the  right 
ventricle  of  the  heart,  That  in  a  foetus  in 
utero  this  feems  not  to  be  the  cafe;  it  may 
be  anfwered,  that  the  flrength  of  the  left 
ventricle  in  a  fmns,  exceeds  that  of  the 
right  but  little ;  or,  at  lead,  not  near  fo 
much  as  in  adult  animals: —  that  the  right 
M  ventricle 
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ventricle  not  only  pufhes  part  of  the  blootf 
through  the  veflels  of  the  lungs,  but  alfo* 
diftributes  a  good  deal  more  than  |  of  the 
whole  'mafs  to  the  aorta  and  its  branches  r 
-—that  the  force  of  the  blood  returning  by 
the  two  cava  to  the  right  ventricle  is  greatly 
kffened,  by  its  having  a  free  palfage  thro* 
the  foramen  ovale  into  the  left  finus  venofus ; 
while  the  blood  by  this  means  enters  the 
left  ventricle,  not  only  with  the  force  with 
which  it  returns  from  the  lungs,  but  alfo 
with  a  great  part  of  that  with  which  it  flows 
in  the  cava. 

In  fpeaking.of  the  force  with  which  the 
blood  returns  to  the  two  ventricles  of  the 
heart,  we  have  taken  no  notice  of  the  ad- 
ditional impetus  communicated  to  it,  by  the 
contractions  of  the  auricles  and  finus  venofi, 
becaufe  this  is  common  to  both  ventricles1; 
although  it  mufl  be  confefled,  that  the  left 
auricle  feems  to  be  weaker,  as  well  as  lefs  ca- 
pacious than  the  right ;  and  perhaps  it  was 
fo  formed,  as  the  blood  returning  with  great 
impetuofity  from  the  lungs,  after  having 
been  intimately  mixed  and  elaborated  there, 
may  not  require  fo  large  an  auricle,  as  the 

venous 
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•venous  blood  of  the  cav£y  which  moves  with 
iefs  force,  and  is  compofed  of  parts  lefs  per- 
fectly united. 

Upon  the  whole,  if  it  fhall  be  afked,  why 
the  heart  being  a  folitary  mufcle,  and  defti- 
tute  of  any  antagonift,  does  not,  like  the 
fphindters,  alwaysreraain  equally  contracted ; 
the  anfwer  is  obvious,  viz.  that  mufcles 
brought  into  acftion  by  a  Jlimulus,  are  imme- 
diately relaxed  again*;  which  relaxation 
therefore  happening  to  the  heart,  the  blood, 
in  its  return,  enters  the  ventricles  with  con- 
fiderable  force,  and,  by  dilating  them,  a£ts 
in  fome  refpe£t  as  antagonift  mufcles  do  in 
other  parts  of  the  body  ;  at  the  fame  time 
that,  by  its  gentle  irritation,  it  is  the  caufe 
of  their  fiibfequent  contraction.  The  heart 
muft  of  neceffity,  therefore,  be  alternately  di- 
lated and  contracted,  as  long  as  the  return- 
ing blood  coiitinues  to  be  poured  into  its  ca- 
vities f  :  nay,  fince  the  contractions  of  muf- 
cles from  a  Jlimulus  are  alternately  repeated 
both  ill  living  and  uewly  dead  animals,  al- 
though the  Jlimulus  is  not  renewed  after  eve- 
ry 

*  $ea.  i.  No  10. 

f  Se#.  I,N°12,  13;  and  14, 
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iy  contraction  #,  and  fince  the  heart  conti- 
nues to  vibrate  for  fbme  time  after  injecling 
warm  water  or  air  into  its  cavities,  it  is  high- 
ly probable,  that  the  irritation  of  the  return- 
ing blood  in  a  found  flate,  is  capable  of  ma- 
king it  perform  not  only  one,  but  feveral 
contractions ;  which  feems  to  be  confirmed 
by  the  heart's, palpitating  after  the  vena  cava 
and  pulmonary  veins  have  been  tied,  and 
confequently  after  the  blood  is  intercepted  ; 
though  indeed  it  may  be  alledged,  that,  in 
this  laft  inftance,  the  pulfations  are  either 
owing  to  the  irritation  communicated  to 
the  heart  by  the  ligature  made  on  thefe  vet 
fels,  or  to  fome  blood  ftill  remaining  in  its 
ventricles.  Perhaps,  when  zjlimulus  is  very 
flight,  it  may  caufe  only  one  fingle  con- 
traction of  a  mufcle  ;  but  when  it  is  great- 
er, it  will  produce  repeated  convulfions,  and 
always  the  more,  the  ftronger  it  is.  The  acti- 
on therefore  of  the  returning  blood  upon  the 
auricles  and  ventricles  of  the  heart  in  living 
animals,  may  be  fuppofed  not  only  to  excite 
them  once  into  contraction,  but  likeways, 
without  the  acceffion  of  new  blood,  or  any 

other 

*Se£.  r.  N«  n. 
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other  jlimulus,  to  caufe  fome  fubfequent  vi- 
brations, always  indeed  decreasing  in  forc£ 
and  frequency;  but  as  in  the  intervals  of  thefe 
vibrations,  the  heart  is  again  filled  with  blood, 
its  alternate  contractions,  being  always  foli- 
cited  by  anew  caufe,  do  not  become  weak- 
er or  flower,  but  continue  the  fame,  while 
the  quantity  and  quality  of  the  blood  are 
unvaried. 

It  can  be  no  juft  obje&ion,  therefore,  t0 
our  account  of  the  heart's  motion,  that  in 
many  animals  newly  killed,  this  ihufcle,  by 
feparating  it  from  the  body,  or  otherwife  fti- 
mulating  it,  is  excited  into  alternate  con- 
tractions, which  continue  to  be  repeated  for  a 
confiderable  time,  though  the  jlimulns  be  not 
renewed;  fince  the  motions  of  mufcles  a- 
rifing  from  this  caufe,  do  not  ceafe  immedi- 
ately upon  its  removal,  but  decreafe  in 
ftrength  and  quicknefs  by  flow  degrees,  be- 
fore they  quite  difappear  *  :  nor  ought  we 
to  be  furprifed  that  the  violent  irritation, 
occafioned  by  pricking  and  tearing  the  fibres 
of  the  heart,  or  from  cutting  its  large  vefTels, 

makes 

*  ViJ.  Sect,  i.  No  n.  and  Seel  xiv.  where  the  motion  of 
the  heart  after  death,  or  its  feparation  from  the  body,  is  par- 
ticularly inquired  into. 
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makes  it  repeat  its  vibrations  more  frequent- 
ly,: and  continue  them  for  a  much  longer 
time,  than  the  gewte  ftmttks  of  the  return- 
ing blood. 

At  what  time  the  motion  of  the  heart 
begins  in  nafcent  animals,  and  what  is  the 
eaufe  which  firft  fets  k  a-going,  are  que- 
flions  not  ufually  inquired  into,:  nor  indeed 
eafily  anfwered ;  although  the  fecond  feems 
to  admit  of  a  much  eafier  folution  thai^ 
the  firft. 

If  all  the  parts  and  organs  pre-exift  in  mi* 
niature  in  the  animalcle  infemine,  it  will  fcarce 
be  difputed,  that  while  it  fwims  in  this  liquor, 
the  fluids  are  propelled   through   its  veflels 
by  the  adtion  of  its  heart,  and  circulate   in 
the  fame  manner  as  in  the  fa tus  in  uter o.    If 
the  heart  does  not  pre-exift  in  the  animalcle, 
but  is  formed  after  conception,  then    the 
beginning  of  its  motion  muft  be  later.    But, 
be  this  as  it  will,  we  know  that  in  impregr 
nated  eggs,  the  animalcle  lies   in  %  deaths 
like  ftate,  refembling  that  of  many  infers, 
and  fome  larger   animals   in  winter;   and 
that  its  heart   remains  at  reft,   till  by  the 
heat  of  incubation  it  is  roufed  into  adlion. 
After  the  motions  of  the  chick's  heart  be- 
come 
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(jome  vifible,    they  may  be  rendered  more 
lively  or  languid  by  a  greater  or  lefs  degree 
of  warmth,;  nay  may  be  made  entirely  to 
ceafe  by  cold,  and  be  as  quickly  renewed 
again  by  heat.  *.     Hence  it  follows,  that 
though  it  be  not  certain  when  the  heart  be- 
gins firft  to  move  in  nafcent  animals,  yet 
the  caufe  which  fets  it  firft  a-going,  and  re- 
commences its  motions  after  being  ftopt,  is 
heat,    which,   by  rarifying  and    agitating, 
with  an  inteftine  motion,  the   particles  of 
the  fluids,  enables  them,   by  their  Jlimnlus, 
to  excite  the  fibres  of  the  heart  into  con- 
traction; at  the  fame  time,  that  it  increafes 
the   fenfibility  of  the  nerves,  which  are  be- 
numbed by  too  great  a  degree  of  cold. 


SECT.    V. 

Of  the  motions  of  the  alimentary  canal,  and 
bladder  of  urine. 

Having  thus  accounted  for  the  alter- 
nate contraction  and   relaxation  of 

the 

*  Harvey  de  generation,  aaimal.  exercitat.  17. 
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the  heart ;  we  come  next  to  inquire  into  the 
caufe  of  the  other  involuntary  motions ;  and 
fhall  begin  with  thofe  of  the  alimentary  canaL 
In  deglutition,  the  contraction  of  the 
mufcles  which  pull  up  the  larynx  and  os  hy- 
tides,  and  fo  pufh  the  food  into  the  dilated 
pharynx,  is  generally  fpontaneous,  and  ow- 
ing to  the  irritation  of  the  fenfible  mem- 
brane of  the  fauces,  by  the  food  paffing 
that  way*  In  like  manner,  no  fooner 
is  the  aliment  received  into  the  pha- 
rynx, than  this  mufcular  tube  contracts, 
and,  embracing  it  clofely,  pufhes  it  on  to 
the  oefophagus,  whofe  nerves  being  irritated, 
and  its  fibres  ftretched  by  the  food  in  its 
defcent,  each  fmall  portion  of  it  contracts 
itfelf,  and  fo  tranfmits  the  aliment  to  the 
next,  till  at  laft  it  is  puflied  into  the  fto- 

mach. 

The  aliments  which  are  generally  compo- 

fed  of  parts  fit  to  ad  as  a  gentle  ftimuhu  on 

the  fenfible  parts  of  animals,  are  no  fooner 

received  into  the  ftomach,  than,  by  its  heat 

and  motion,  as  well  as  the   adtion   of  the 

humours  flowing  into  it,  they  begin  to  fwell, 

and  continue,   during   the  whole  time  of 

their 
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their  diffolution,  to  emit  bubbles  of  elaftic 
air  :  At  the  fame  time,  the  cool  air  fwal- 
lowed,  every  now  and  then,  with  the  faliva, 
is  quickly  rarified  by  the  heat  of  the  ftomach. 
Here  then,  we  fee,  in  the  aliments,  air 
and  humours,  caufes  which  may  gently  fli- 
mulate  the  nerves  of  the  ftomach,  and 
ftretch  its  fibres  fo  as  to  excite  them  into 
contraction  :  and  this  exadtly  agrees  with 
Wepferus's  obfervations,  which  fhew,  that 
the  contraction  of  the  ftomach  never  hap- 
pens but  in  confequence  of  its  preceding  in- 
tumefcence.  Motum  ventriadi,  fays  this  au- 
thor, oculis  obfervare  licet  in  vivarum  bejlia- 
rum  anatome,  <&s  nonfemel  vidi  ilium  conjlringi 
lente  verfus  flomachum,  fubfequente  vomitu,  ant 
verfus  prjlorum  contentis  in  duodenum  explo- 
fis  ;  nonnunquam  gracilior  <&  brevior  reddeba- 
tur  ;  mox  iterum  intuniuit,  fubfequente  rur- 
fus  nova  coarcJatione,  qua  vel  verfus  pjlorum 
vel  flomachum  progrediebatur*  <  And,  in  ano- 
ther place,  Quando  vero  circa  medium  fe  con- 
tra xer  at  (fell,  ventriculus)  motus  lents  verfus 
pylorum  procedebat,  illeque  erigebatur  liquor  que 
fubpallidus,  nunc  fpumeus  nunc  vifcidus,  quando- 
quefenfim  aliquandocum  impetu  protrudebatur  : 

N  confiricJo 

*  Hiftor.  cicut.  aquat.  p,  %7» 
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ccn/lriclo  pyloro  rurfus  intumuit  totus  vemri- 
cuius,  moxque  rurfus  circa  medium  fe  confirm- 
xerat^  novufque  liquor  per  pylorum  ejiciebn-ur* . 
Thus  we  find  the  dilatation  of  the  ftomach 
always  fucceeded  by  its  contraction,  which 
expelling,  by  the  pylorus,  the  diftending 
caufe,  U  c,  part  of  the  air  arid  aliments,  the 
fibres  of  this  organ  are  immediately  relaxed, 
fo  as  eafily  to  give  way  to  the  diftending 
force  of  the  rarified  air  arifing  from  the  a- 
liments,  and  thus  to  fuffer  a  new  dilatation ; 
which,  as  before,  is  foon  followed  by  a  new 
contraction.  Hence  there  appears  a  remark- 
able analogy  between  the  caufes  of  the 
alternate  motions  of  the  ftomach  and  heart, 
even  in  thofe  animals  whofe  make  as  to 
thtfe  parts  agrees  with  that  of  the  human 
kind  ;  but  which  is  (till  ftronger  in  grani- 
vorous  birds,  whofe  ftomach  more  nearly 
refembles  the  heart  in  its  ftrudture,  and  in 
the  force  of  its  motions  f. 

If 

*  Hiftof.  cicut.  aquat.  p.  1  77. 

•j-  The  fmall  rough  (tones  which  granivorous  birds  fwal- 
low,  are  not  only  ufeful  to  break  and  grind  their  food,  but 
alfo  to  excite  their  lefs  fenfible  ftomachs  into  proper  contrac- 
tions ;  for  thefe,  on  account  of  the  hard  fkin  which  lines  them, 
would  be  little  affecled  by  the  dilfblving  aliments  and  rarified 
air,  without  the  attrition  of  thofe  ft  ones. 
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If  it  be  aflced,  why  the  flomach  is  not 
brought  into  a  new  contraction  by  the  ftimu- 
lating  quality  of  its  contents,  before  a  new 
imumefcence  of  it  has  happened  ;  it  is  fuffi- 
ciein  to  anfwer,  that,  in  order  to  excite  a 
new  contraction  of  the  flomach,  or  hinder  its 
yielding  to  the  dilating  force  of  the  ratified 
air,  the  gentle  jlimuhis  of  the  aliment  may 
require  fhe  additional  irritation  which  the 
ft  retching  of  its  fibres  produces,  Befides,  as 
the  convulfive  contractions  of  the  diaphragm 
which  happen  in  confequence  of  an  irrita- 
tion of  the  left  orifice  of  the  ftomach,  do 
not  follow  one  another  very  quickly,  al* 
though  the  ftimulating  caufe  continues  to 
operate,  but  after  longer  or  fhorter  intervals, 
according  as  the  irritation  is  weaker  or 
ftronger  ;  fo,  in  the  fame  manner,  after  one 
contraction  of  the  ftomach  is  over,  fome  time 
may  be  required  for  the  ftimulating  caufe  to 
act,  before  a  new  contraction  is  produced. 

That  the  ordinary  vermicular  motion  of 
the  ftomach  is  chiefly  owing  to  the  ftimu- 
lating quality  of  its  contents,  is  confirmed 
by  a  variety  of  fa&s :  thus,  when  any  thing 
is  received  into  the  ftomach,  which  ftrong- 
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ly  irritates  or  difagreeably  affedts  its  nerves, 
it  is  thrown  into  convulfive  contractions, 
which  are  renewed,  after  fhort  intervals,  till 
the  offending  caufe  is  either  quite  expelled, 
or  greatly  weakened.  On  the  other  hand, 
opium,  which  renders  our  fibres  and  nerves 
lefs  fenfible  of  any  irritation,  has.  of  all 
things  the  greatefl  power  to  quiet  convul- 
five and  irregular  motions  of  the  flomach. 
At  the  fame  time,  the  naufca  and  inclina- 
tion to  vomit,  which  is  fometimes  brought 
on  by  wind  colle&ed  in  the  flomach,  or 
by  fuddenly  drinking  too  great  a  quantity 
of  the  mildefl  liquids,  fhews  that  the  fimple 
intumefcence  or  diftenfion  of  the  flomach, 
contributes  to  its  contraction  independent 
of  any  particular  Jlimuhs  affecting  its  ner- 
vous papilla. 

The  vermicular  motion  of  the  inteflines, 
is  quite  a-kin  to  that  of  the  flomach,  and 
produced  by  the  fame  caufes.  Small  quan- 
tities of  rarified  air  and  digefted  aliment 
are  pufhed  from  one  portion  of  the  inteflU 
nal  tube  into  the  next,  and  from  this  again 
into  the  fucceeding  one,  and  fo  on  ;  i.  e,  the 
part  dilated  by  the  air  and  aliments  ac- 
quires fuch  a  power  of  contraction,   as  to 

overcome 
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.overcome  the  elafticity  or  contradtile  power 
of  the  contracted  part  next  it.  Whence 
fhould  this  happen  ?  It  cannot  be  owing  to 
the  more  copious  influx  of  arterial  blood 
into  the  veffels  of  the  diftended  fegment, 
as  Dr.  Stuart  would  perfuade  us#  %  fince  \i 
has  been  (hewn  that  this  fluid  does  not  im- 
mediately conduce  to  the  contraction  of  a 
mufcle  f .  — There  is  no  reafon  to  imagine, 
that,  on  account  of  any  alternate  compreP 
fion  of  their  nerves,  the  animal  fpirits  are 
tranfmitted  to  the  inteftines  in  fucceffive 
ftreams :  nor  would  this,  if  fuppofed,  anfwer 
the  phenomena  ;  fince  the  whole  inteftinal 
canal  is  not,  like  the  heart,  alternately  con- 
tracted and  relaxed,  but,  as  to  time,  is  alto- 
gether irregular  in  the  motions  of  its  feve- 
ral  parts.  It  remains  therefore  that  the 
ftretching  of  the  fibres  of  the  inflated  part 
of  the  inteftine,  together  with  the  ft  intuitu  of 
the  bile,  air,  and  digefted  aliments  which  it 
contains,  is  the  caufe  of  its  fubfequent  con- 
traction. And  furely,  if  warm  air  impelled 
through  the  vena  cava,    or  thoracic  dudt, 

into. 

*  Differ!:,  de  motu  mufcul.  cap.  12. 
f  Se&.  i.  N°  2.  above. 
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into  the  heart  of  an  animal  newly  killed, 
excires  it  into  contraction,  it  may  reafon- 
ably  be  fuppofed  to  have  an  equal  effect  on 
the  ftomach  arid  inteftines,  between  whole 
motions  and  thofe  of  the  heart  there  is  a 
ftrong  analogy , 

We  have  already  feen  from  Wepferus, 
that,  by  every  contraction  of  the  ftomach, 
fome  part  of  the  more  liquid  aliment  and 
rarified  air  is  pufhed  through  the  pylorus 
into  the  duodenum,  which,  not  finding  a  free 
paflage  through  this  inteftine,  on  account 
of  its  valves  and  the  natural  contractility  of 
its  coats,  will  dilate  that  part  of  it  next  the 
ftomach,  .  and  confequently  excite  it  into 
contraction,  by  which  its  contents  will  be 
tranfmitted  to  the  next  portion  of  this 
gut,  and  fo  en  through  the  whole  trad  of 
the  jejunum  and  ileum,  where  the  valves  be- 
ing larger,  will,  by  flopping  the  progrefs  of 
the  chyle  and  rarified  air,  occafion  more 
remarkable  dilatations,  and  confequently 
ftronger  fucceeding  contractions. 

It  will  further  appear,  that  the  periftaltic 
motion  of  the  inteftines,  is  owing  to  the 
digefted  aliment,  bile  and  rarified  air,  acting 

upon 
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upon  them  as  a  fiimuhu,  if  we  confidef  that 
purgatives,  which  aft  chiefly  by  irritating 
the  infide  of  the  guts,  greatly  increafe  this 
motion:  — —That  in  animals  opened  alive, 
the  inteftines  are  excited  into  ftronger  con- 
tractions, by  pricking  them  with  a  fharp 
inftrument,  or  applying  any  acrid  liquor  to 

them  :- That  fuch  things  as  render  our 

nerves  and  fibres  lefs  fenfible  of  any  irrita- 
tion, leffen  or  deftroy  the  periftaltic  motion 
of  the  bowels ;  thus  Dr.  Kami  not  only 
found  the  vermicular  motion  of  the  intef- 
tines extremely  weakened  and  flow,  in  a 
dog  to  whom  he  had  given  fix  grains  of  0- 
piuni)  but  that  pricking  their  external  fur  face 
with  the  point  of  a  needle,  did  not  fenfibly 
increafe  it*  ■"  ■"  and,  lafliy,  that  when  the 
bile  from  any  caufe  becomes  inert,  or  is 
hindered  from  flowing  into  the  bowels, 
coftivenefs  generally  follows.  Nay,  that 
the  Jiimulus  of  the  bile  is,  in  a  particular 
manner,  neceflary  to  the  right  performance 
of  the  periftaltic  motion,  and  that  without 
it  the  inteftines  would  not  be  able,  fuffici- 
ently,  to  refill  the  diftending  power  of  the 

ratified 

*  Impet.  faciens,  ditfum  Uippncrat.  No  431?. 
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rarified  air,  feems  highly  probable  from  the 
remarkable  inflation  of  the  bowels  in  fuch 
as  die  of  an  inveterate  jaundice;  and  from 
the  hiftory  given  by  Dr.  Stuart,  of  a  man 
who  died  of  a  wound  in  the  gall-bladder* 
who  was  not  only  incurably  eoftive,  but 
whofe  inteftines  were  fo  much  diftended  with 
air,  that  before  opening  him  a  tympany 
was  fufpe£ted  % 

While  the  chyle  is  taken  up,  as  it  paf- 
fes  along,  by  the  lafteal  and  abforbent  veins 
of  the  fmall  inteftines,  the  grofler  and  leis 
nutritious  parts  of  our  humours  and  ali- 
ments are  tranfmitted  from  the  ileum  by  the 
valve  of  the  colon  into  the  great  guts,  where 
they  remain  for  fome  time  without  giving 
any  difturbance ;  till,  by  the  prefliire  of  the 
diaphragm  and  abdominal  mufcles  in  refpi- 
ration,  together  with  the  gentle  contractions 
of  the  inteftines  themfelves,  they  are  pufhed 
into  the  reCtum,  where,  partly  by  their  acri- 
mony, but  chiefly  by  their  weight  and  bulk 
overftretching  its  fibres,  they  excite  this 
gut  into  ftrong  contractions,  and  bring  on 
an  infuperable  defire  of  emptying  it.    Whesi 

any 

*  Philofoph.  Tranf.  ^-414, 
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any  acrid  matter  lodged  in  the  plica  of 
the  refium,  irritates  its  nervous  papilla,  as 
in  a  tenefmus,  its  mufcular  coat  is  excited 
into  frequent  and  ftrong  contractions,  and 
there  is  almoft  a  perpetual  defire  of  going 
to  ftool.  This  is  beft  cured  by  oily  and 
mucilaginous  clyfters,  with  opium;  which 
at  the  fame  time  that  they  (heathe  the  acri- 
mony, blunt  alfo  the  fenfe  of  pain. 

The  bladder  of  urine  is  a  hollow  mufcle, 
which  being  deftitute  of  any  proper  anta- 
gonift,  would  always,  if  tiot  hindered  by 
fome  foreign  caufe,  reduce  itfelf  to  its  final- 
left  capacity,  by  means  of  that  natural  con- 
tra<£tion  which  is  owing  to  the  force  of  the 
circulating  fluids,  the  elaflicity  of  its  fibres, 
and  the  conftant  but  gentle  operation  of 
the  nervous  influence  upon  them  %  This 
contractile  power  of  the  bladder,  whereby 
it  reduces  itfelf  to  its  fmalleft  fize,  is  over- 
come by  the  urine  gradually  dropping  into 
its  cavity  from  the  ureters  ;  which  at 
length,  by  overftretching  the  coats  of  the 
bladder,  excites  its  mufcular  fibres  into 
ftrong  contractions ;    but    thefe   being  of 

O  themfelves 

.  *  Sea.  u  N°  4. 
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themfelves  unable  to  overcome  the  fphinBer$ 
the  diaphragm,  abdominal  mufcles,  and  le* 
vatores  ani>  are  called  in  to  their  aid :  how- 
ever, after  the  fphintter  is  opened,  the  con- 
tractile power  of  the  bladder  alone  is  fuf- 
ficient  to  expel  the  whole  urine. 

This  fluid,  though  fenfibly  acrid,  does 
not,  when  accumulated  in  the  bladder  of 
a  healthy  perfotf,  give  uneafinefs  fo  much  by 
the  irritation  of  the  nerves  of  that  organ,  as 
by  overftretching  its  fibres :  but  when  the 
mucm,  deftined  to  defend  thefe  nerves  from 
the  acrimony  of  the  urine  is  abraded,  or 
when  the  inner  coat  of  the  bladder  is  in- 
flamed or  excoriated,  no  fooner  does  the 
urine  begin  to  be  collected,  than,  by  fret- 
ting this  tender  and  extremely  fenfible  part, 
it  occafions  convulfive  contractions  of  the 
nmfcular  coat  of  the  bladder,  and  alfo  of 
the  diaphragm  and  abdominal  mufcles ; 
hence  in  fuch  cafes  the  patient  is  afflidted 
with  a  violent  and  almoft  conftant  defireof 
pafllng  his  urine,  while  in  the  mean  time 
there  are  only  a  few  drops  to  be  expelled. 

Mares  and  cows,  after  evacuating  their 
urine,  are  ohferved,  for  fome  time,  alternate- 
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Jy  to  contract  and  relax  their  urethra  and 
fphintter  vefic£ ;  at  firft  very  brifkly,  after- 
wards more  weakly  and  with  longer  inter- 
vals between  each  contra&ion.  Thefe  mo- 
tions are  folely  owing  to  the  irritation  of 
the  parts  by  the  urine ;  and  it  is  a  proof  of 
this,  that  as  the  uneafy  fenfation  begins  to 
abate,  fo  does  the  force  and  quicknefs  of 
shefe  motions. 


SECT-    VI. 

Of  the  motions  of  the  blood-vejfels,  and  feveral 
others  of  the  fpontaneous  kind. 

nn  H  E  moft  remarkable  of  the  fpontane- 
ous motions  which  remain  to  be  ac- 
counted for,  are  the  alternate  Jyjioie  and 
diajlole  of  the  arteries  ;  the  lefs  perceptible 
motion  of  the  veins ;  the  ofcillatorj  con- 
tractions of  the  fmaller  veflels ;  the  ere&ion 
of  the  penis ;  the  convulfive  motions  of  the 
mufadi  accelerator es  urince  in  coition ;  the 
motions  of  the  fallopian  tubes,  whereby 
they  embrace  the  ovaria,   and  convey  the 

ovum 
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ovum  to  the  womb  ;  the  alternate  aCtion  of 
the  mufcles  of  refpiration  ;  their  convulfive 
motions  in  coughing  and  fneezing  ;  and 
the  contraction  of  the  pupil  and  mufcles  of 
the  internal  ear,  in  order  to  adapt  thefe 
organs  exactly  to  the  degree  of  light  and 
found  applied  to  them. 

I.  The  diaflole  of  the  arteries  is,  like  the 
dilatation  of  the  heart,  owing  to  the  blood 
pufhed  into  their  cavity,  with  a  confiderable 
force,  and  their  Jyftole  or  fucceeding  con- 
traction is  effected  chiefly  by  their  elafticity, 
and  partly  by  the  proper  contraction  of 
their  mufcular  coat,  excited  by  the  blood 
gently  ftimulating  their  internal  furface, 
and  at  the  fame  time  ftretching  their  fibres. 
That  the  fyftole  of  the  arteries  is  not  wholly 
owing  to  the  elafticity,  but  partly  alfo  to 
the  mufcular  contraction  of  their  fibres,  is 
generally  acknowledged  by  Phyfiologifts ; 
*and  that  the  blood  alternately  pufhed  into 
them  and  aCting  as  a  Jlirnulus,  excites  this 
mufcular  contraction,  the  analogy  of  the 
heart,  and  other  fpontaneous  motions,  al- 
ready explained,  feems  fully  to  evince. 

2.  Besjde 
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2.  Beside  the  alternate  diajlok  and  fyftole 
of  the  larger  arteries,  which,  in  a  great 
meafure,  depend  upon  the  proje&ile  force  of 
the  heart,  and  the  elaflicity  of  tljgir  coats* 
there  is  a  vibrating  or  ofcillatory  motion  in 
the  inferior  orders  of  vefTels,  to  which  the 
direft  force  of  the  heart  does  fcarcely  reach, 
and  where  elaflicity  is  no  ways  concerned. 
And  as  the  food  is  conducted  from  the 
mouth  through  the  whole  courfe  cf  the  ali- 
mentary canal,  by  its  exciting  the  mufcular 
coat  of  this  tube  into  contractions,  as  it 
pafTes  along ;  fo  the  motion  of  the  fluids 
through  the  inferior  orders  of  vefTels  and 
fecretory  tubes  of  the  glands,  to  many  of 
which  the  impulfive  force  of  the  heart 
feems  not  to  extend,  is  chiefly  carried  on  by 
the  vibrating  contractions  of  thefe  vefTels, 
excited  by  the  gentle  Jlimulus  of  the  circu- 
lating fluids  "*. 

3.  As  the  fmaller  VefTels,  though  deflitute 
of  any  alternate  pulfation  depending  upon 

the 

*  See  this  point  more  fully  illuftrated  in  my  PhyGological 
EfTays,  edit.  2.  EfTay  I.  on  the  motion  of  the  fluids  in  the 
very  fmall  veffels  of  animals. 
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the  contra&ion  of  the  heart,  are  neverthe- 
lefs  agitated  with  a  kind  of  ofcillatory  mo- 
tion; fo  it  is  highly  reafonable  to  think, 
that  the  yeins  are  not  inactive  canals,  but 
fo  affedted  by  the  filmulus  of  the  circulating 
blood,  as  to  have  their  mufcular  coat  ex- 
cited into  alternate,  but  weak  contractions, 
by  means  of  which  the  return  of  this  fluid 
to  the  heart  is  partly  promoted.  As  a 
proof  of  this,  the  vena  cava  may  be  plainly 
feen  to  contract  alternately  in  dying  animals 
whofe  thorax  is  laid  open  *  ;  though  it  is 
probable  that  {he  motions  of  this  vein  near 
the  heart,  are  more  remarkable  than  elfe- 
where,  on  account  of  fome  kind  of  alternate 
depletion  which  it  fuffers,  and  of  its  coats 
being  fomevvhat  more;  mufcular  here,  than 
elfewhere.  And  does  not  the  vena  cava 
continue  to  palpitate  longer  than  the  heart 
in  dying  animals,  becaufe,  after  the  circula- 
tion through  this  organ  has  ceafed,  the 
blood  is  ftill  tranfmitted  in  fmall  quantity 
from  the  arteries  into  the  nafcent  veins, 
and  confequently  into  the  cava  ;  which  be- 
ing therefore  longer  fupplied  with  the  caufe 

exciting 

*  Seft.  xiv.  No  r6.  below, 
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exciting  its  motions,  muft  continue  them 
longer  ? 

Hence  we  fee  that  the  fluids  are  in  fome 
fenfe  the  caufe  of  their  own  motion  ;  fince, 
without  their  ftretching  power  and  ftimula- 
ting  quality,  the  heart  and  arteries,  however 
well  fitted  for  mufcular  contraction,  would 
remain  altogether  unadtive  and  at  reft :  and 
that  as  the  contradtile  power  of  the  folids 
is  altogether  neceflary  to  carry  on  the  vital 
funcftions,  fo  likewife  is  the  a&ion  of  the 
fluids  upon  the  folids,   in  order  to  excite 
their  mufcular  power  into  adtion.     Hence 
alfo  we  may  eafily  underftand  how  it  is  that 
heat  has  fo  great  an  influence  in  promoting 
the  circulation  of  the  fluids,    that  infe&s 
and  many  other  animals,   after  they  are  to 
all  appearance  dead,  may  be  quickly  brought 
to  life  by  it.     Heat  not   only  renders  the 
heart  and  vafcular  fyftem  more  fenfible,  but, 
by  raifing  an  inteftine  motion  and  brifk  vi- 
brations in  the  particles  of  the  fluids,  mud 
neceflarily  communicate  fome  degree  of  ir- 
ritation to  the  folids ;  and  thus  bring  them 
into  alternate  contractions. 

4«  The 
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4.  The -erection  of  the  penis  has  been 
generally  afcribed  to  the  contraction  of  the 
mufcles  called  ereflofes;  yet  as  their  fitua- 
tion  is  fuch,  that  the  veins  of  the  penis  can 
fcarcely  be  affected  by  their  action,  and  as 
an  ere&ion  of  this  member  cannot  be  pro- 
cured at  pleafure,  by  ftrongly  prefiing  it  a- 
gairift  the  os  pubis,  feveral  later  authors  feem 
juftly  to  have  rejected  this  opinion,  but, 
as  far  as  I  know,  without  fubftituting  any 
thing  fatisfaflory  in  its  place. 

But  as  the  tafte,  nay  even  the  fight  or 
remembrance  of  grateful  food,  makes  the 
faliva  flow,  in  greater  quantity  than  ufual, 
into  the  mouth  of  a  hungry  perfon,  by  in- 
creafing  the  ofcillatory  motions  of  the  fali- 
vary  veflels  [N°  2.]  ;  fo,  why  may  not  the 
Jlimulus  of  the  feed  in  the  veficuU  feminaies, 
or  the  fight,  nay  even  the  recalled  idea  of 
lafcivious  objects,  occafion  a  more  than  or- 
dinary flow  of  blood  through  the  fmall  ar- 
teries of  the  penis,  by  greatly  increafing  their 
vibrating  contractions?  If  this  really  hap- 
pens, the  fmall  capillary  red  arteries  will,  by 
the  iricreafed  force  of  the  fluids,  be  en- 
larged,   and  the  ferous  ones,   at  leaft  many 
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of  them,  will  be  rendered  capable  to  admit 
red  blood  :  thofe  arteries  which  end  in  veins, 
will  tranfmit  their  fluids  to  them   as  ufual, 
only  with  greater  impetuofity,    while  fuch 
a,s  terminate  with   open  orifices  in  the  cells 
of  the  penis,    will,    through  their  dilated 
mouths,  pour  forth  not  only  a  ferous  or  lym- 
phatic fluid,  as  ufual,  but  al'fo  red  blood  it- 
felf ;  which  not  being  fait  enough  carried  off 
by  the   abforbent  veins,    whofe  orifices  are 
not  enlarged   proportionally  with   thofe  of 
the  arteries,    mult  fill  and  diltend  thefe  ca- 
vities,  and  confequently  produce   an    6te& 
tion  of  the  penis.     As  foon   as  the   caufes 
exciting  an   uncommon  ofcillatory  motion 
in  the  fmall  velfels    of  the   vard   ceafes,    it 
begins  to  fubfide,  becaufe  the  fluids  are  now 
poured  in  much  lefs  quantity  into  its  cells. 

Th  is  account  of  the  erection  of  the  penis 
feems  to  be  much  more  agreeable  to  the 
laws  of  the  animal  ceconomy,  than  that 
propofed  by  Duvernoi  *j  and  embraced  by 
M.  tie  Hal/erf,  who  fuppofes  that  the  fmall 

P  veins 


*  A&.  Petropolitan.  torn.  2.  p.  379.  383,  384. 
f  Prim.  lin.  phyfiolog.  No.  800. 
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veins  of  the  penis  may  be  fo  ftraitened,   by 
I  do  not  know  what  contraction  of  the  ner- 
vous filaments   furrounding   them,  as  in  a 
great  meafure  to  prevent  the  return  of  their 
blood*.   Vieuffens  who  confidered  the  nerves, 
which  in  fome  places  appear  to  furround  the 
blood-veflels,  as  fo  many  fmall  cords  capable 
of  conftri&ing  them  more  at  one  time  than 
another,  and  confequently  of  producing  re- 
markable  changes   in    the  circulation,  de- 
duces the    palenefs  of    the   face   in  fome 
paffions,    and  its  rednefs  in  others,  from  the 
nerves  ftraitening  the  carotid  arteries  in  the 
former,  and  the  jugular  veins  in  the  latter 
cafef.  However,  none  of  the  authors  now 
mentioned,  have  condefcended  to  {hew  us 
how  the  nerves  can  be  fo  drawn  as,    like  a 
ligature,  to  ftraiten  the   vcflels  which   they 
encompafs.     Nor  indeed  can  this  be   eafily 
conceived.      There    is  no   example   to  be 

found 

*  Suppofing  the  nerves  could,  like  cords,  ftraiten  the  veins 
of  the  penis,  yet  an  ereclion  of  this  member  would  not  be  the 
coniequence  ;  for  tho'  a  ligature  made  on  the  pe?iis  near  the 
os  pubis  makes  it  well,  yet  this  fwelling  is  quite  different  from 
a  true  ereftion.  See  Alb'inus's  anmtationes  academic 'ce,  lib.  I. 
cap.  xviii. 

j  Neurograph.  lib. Hi.  cap.  iv.  p.  182. 
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found  of  any  motion  or  action  in   the  ani- 
mal body  being  performed  by  the  contrac- 
tion of  thd  nerves,  whofe  office  is  not  to  be 
drawn  or  rendered  more  tenfe  at    one  time 
than  another,   but   to  fupply  the  mufcular 
fibres  every  where  through  the    body*  with 
that  influence  or  power  which  feems  to   be 
immediately  neceffary  to  their  contraction  : 
butj    by  the  increafed  ofcillatory  motion  of 
the  finall  veflels^  which   we  have   affigned 
as  the  caufe  of  the  erection  of  the  penis,  we 
daily  obferve  a  variety  of  fudden  and    fur- 
prifing  changes  produced  in  tile  circulation^ 
To  this  is  to  be  afcribed  the   profufe  fecre- 
tion  of  pale  limpid  urine,  to  which  hyfte- 
rical  people  are  fo  liable ;  as  alfo  the  great 
difcharge  of  tears  from  the  lachrymal  vef- 
fels,   in  people  arTe&ed  with>  great  joy  or 
grief.     And  the  blufhing,    or   rednefs   and 
glowing  warmth  of  the  face,  which  attends 
a  fenfe  of  ffiame,    is  not  owing  to  the  con- 
ftriftion  of  the    temporal  veins   by  means 
of  the  nervous  filaments  from  the  portio  dura* 
which  furround  them  *,  but  to  an  increafed 

ofcillatory 

*  Bailer  not.   in    Becrh^nv,   nSt&ttfti    mzd.   jtttag.  5?3*  & 
pnm.ljn.  pbyfiolog.  Nd*  ff*< 
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ofcillatory  motion  of  the  fmall  veflels  of  the 
face,  which  in  mofi  people^  more  or  lefs, 
accompanies  a  confcioufnefs  of  fhame:  for 
as  the  rofy  colour,  and  fudden  warmth, 
which  are  the  neceffary  confequences  of  the 
increafed  motion  of  the  blood  in  the  fmaller 
veflels,  ill  agree  with  the  ftagnation  of  this 
fluid,  as  arifing  from  any  compreffion  of 
the  temporal  veins;  fo  their  being  often  dif- 
fufed  over  the  neck  and  bread,  clearly 
fhews  that  they  cannot  proceed  from  this 
caufe.  Why  this,  affedtion  of  the  mind 
fhould  produce  fuch  a  change  in  the  circu- 
lation of  the  blood  in  thofe  parts  rather 
than  any  other,  we  do  not  pretend  to  fay. 
Sufficient  it  is,  that  from  experience  we 
know  that  the  body  and  its  feveral  parts  are 
varioufly  affedted  by  the  different  paflions  of 
the  mind. 

After  what  has  been  faid,  it  will  be  ea- 
fy  to  account  for  the  eredlion  of  the  nipple 
of  a  woman's  breafl,  and  the  fwelling  of  a 
turkey-cock's  comb  and  rattles,  which  are 
much  a-kin  to  the  ereftion  of  the  penis,  and 
which,  as  M.  de  Haller  has  juftly  obferved, 
are  certainly  not  owing  to  the  contradtion 
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of  any  mufcle  hindering  the  return  of  the 
blood  by  their  veins*.  For  why  may  not 
the  paffion  of  anger  or  pride  occafion  an  in- 
flation of  the  above  mentioned  animal's 
comb  and  rattles,  as  well  as  the  fenfe  of 
fhame  does  a  flufhing  of  the  face  \  and  may 
not  titillation  increafe  the  motion  of  the 
fluids  in  the  fmall  vefTels  of  the  nipple,  in 
the  fame  manner  as  in  the  penis? 

The  unufual  fenfation  of  heat  in  the  face, 
which  attends  blufhing,  and  is  fo  quickly 
raifed,  may  enable  us  to  account  for  the 
many  fudden  complaints  of  heat  and  cold, 
and  other  fymptoms  of  a  like  nature  com- 
mon to  hyfterical  people  ;  for  if  an  affeftion 
of  the  mind,  can  raife  an  uncommon  heat 
in  the  face,  by  increafing  the  adtion  of  the 
nervous  influence  upon  its  veiTels,  whence 
they  are  affe&ed  with  an  uncommon  vibra- 
tory motion  ;  why  may  not  the  fame  thing 
happen  in  other  parts  of  the  body,  in  con- 
fequence  of  an  irritation  of  their  fmall  veffels, 
or  of  ibme  commotion  of  the  nervous  fy- 
ftem  I  and  is  it  not  probable,  that  the  fud- 
den fenfations  of  cold,  which  people  fubjed: 

to 
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to  nervous  complaints  often  feel  in  various 
parts  of  their  bodies,  are  owing  to  the  flag- 
nation  or  flower  motion  of  the  fluids  in  the 
fmaller  veflels  of  thefe  parts,  bccafioned  by 
by  the  diminution  or  fufpenfion  of  their 
ofcillatory  motion  i 

But  to  return  from  this  digreflion  ;  whe- 
ther the  dreclion  of  the  penis  is  effected  in 
the  nianner  above  explained,  or  by  the  con- 
traction of  certain  mufcles  compreffing  its 
veins;  it  is  neverthelefs,  like  the  other 
fpontaneous  actions,  owing  to  an  irritation* 
viz.  the  Jlimulm  communicated  to  the  ner- 
vous papilltB  of  the  ve/icuk  feminaks  and 
tefticles  by  the  feed ;  fince,  in  proportion 
to  the  abundance  or  defect  of  this,  erections 
are  ceteris  paribus  more  or  kfs  frequent, 
ftrono;er  or  weaker.  5Tis  true,  that  lafci- 
vous  thoughts,  titillation,  and  other  caufes, 
often  produce  erections  of  the  penis ;  but 
even  their  power  of  doing  this,  is  in  a  great 
meafure  owing  to  the  prefence  of  the  feed^ 
An  erection  of  the  penis  frequently  happens 
from  the  bladder  being  full  of  urine,  at  lead 
is    increafed   by   this ;      which  is  noways 

ftrange,, 


other  Involuntary  Motions.       r  19 

ftrange,  fince  the  urine,  by  flretching  and 
ftimulating  the  coats  of  that  organ,  may- 
be eafily  fuppofed  to  affedt  the  nerves  and 
veflels  of  the  penis,  with  which  the  bladder 
is  fo  nearly  connected. 

5.  In  time  of  coition,  as  foon  as  the  feed 
is  fqueezed  into  the  beginning  or  bulbous 
part  of  the  urethra,  the  nwfiuli  accelerators 
urince  which  furround  this  part,  are  brought 
into  convulfive  contractions,  which  con- 
tinue to  be  repeated  till  the  feed  is  entirely 
expelled  ;  and  that  thefe  convulfive  contrac- 
tions are  owing  to  the  femen  adting  as  a 
Jiimuhs  upon  this  part  of  the  urethra,  can- 
not with  any  colour  of  reafon  be  denied  ; 
fince  their  number  and  force  are  always 
greater  or  lefs,  as  this  liquor  is  more  or  left 
in  quantity,  or  more  or  lefs  concodted. 

6.  By  the  titillation  of  the  ruga  of  the 
vagina  in  time  of  coition,  not  only  is  the 
utents  affected,  but  the  tuba  faliopiana  be- 
coming rigid,  fuffer  a  kind  of  ere&ion ;  at 
which  time  their  fimbriated  extremities  are 
Turned  towards  the   ovaria:    nor  do  they 

change 
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change  this  fituation  till  the  ovum  has  been 
received  into  their  cavity,  through  which 
it  is  prefled  forward  to  the  uterus*  by  the 
eontra&ion  of  the  mufcular  coat  of  thofe 
tubes;  which,  from  the  analogy  of  the  other 
involuntary  motions  already  explained,  we 
may  eafily  imagine,  is  excited  by  the  ovum 
as  it  paiTes  along  their  internal  furface  ; 
fo  that  every  fmall  portion  of  it,  will, 
bv  its  contradtion,  tranfmit  the  ovum  to  the 
fucceeding  one,  till  at  laft  it  drops  into 
the  cavity  of  the  womb  ;  in  the  fame  man- 
ner as  the  food,  in  a  horizontal  poftu re,  is 
conveyed  through  the  afophagus  into  the 
ftomach. 

That  the  convulsive  motions  of  the 
rnufcles  of  refpiration  in  coughing  and  fneez- 
ing,  and  of  the  diaphragm  in  the  hiccup, 
are  owing  to  an  irritation  of  the  fenfible 
membrane  of  the  nofe,  windpipe,  and  in- 
ferior part  of  the  gullet,  is  too  evident  to 
need  any  particular  proof;  and  this  the 
rather,  as  thefe  motions  will  be  occafionally 
illuftrated  in  the  fequel  of  this  EiTay.  Nor 
is  it  lefs  true,  that  the  motions  of  the  pupil 
and  mufcles  of  the  internal  ear,    are  owing 

to 


other  Involuntary  Motions.       121 

to  light  and  found  adting  zsjiimuli  on  thefe 
organs:  but  as  thefe  motions,  whereby  the 
eye  and  ear  are  accommodated  to  different 
degrees  of  light  and  found,  are  more  intri- 
cate and  lefs  generally  underftood,  I  fhall 
treat  of  them  particularly  in  the  following 
Section.  And  as  the  alternate  motion  of 
the  organs  of  refpiration  differs  from  the 
other  fpontaneous  motions  already  explain- 
ed, in  being  fo  far  under  the  power  of  the 
will,  that  we  can  accelerate,  retard,  or  en- 
tirely (at  lead  for  a  confiderable  time)  put 
a  flop  to  it ;  and  is  a  fubjecT:  upon  which  a 
great  deal  may  be  faid,  I  fhall  alfo  treat  of 
it  afterwards  in  a  particular  Section  by  it- 
felf;  where  its  caufe'will  be  fbewn  to  be 
entirely  analogous  to  that  of  the  other  fpon* 
taneous  motions. 


SECT, 
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SECT.    VIL 

Of  the  motions  of  the  pupil  and  mufcles  of  the 
internal  ear* 

AS  the  degrees  of  light  to  which  the 
eye  is  expofed,  and  the  fplendor  of 
the  objects  prefented  to  it  are  various,  had 
the  pupil  been  of  a  determinate  fize,  in- 
capable of  enlargement  or  diminution,  that 
organ  would  have  been  adapted  only  to 
contemplate  objedts  in  one  particular  degree 
of  light ;  every  thing  remarkably  brighter 
than  this,  would  have  dazzled  it,  while  a 
fainter  light  would  not  have  affedted  it  fuf- 
ficiently.  Further,  as  the  rays  of  light 
coming  from  very  near  objedts,  are  much 
more  divergent  than  thofe  from  remote 
ones,  had  the  pupil  been  incapable  of  varia- 
tion as  to  its  extent,  the  eye  would  have 
been  ill  fitted  for  feeing  diftindtly  at  differ 
rent  diflances ;  fmce  fuch  objedts  alone  are 
feen  diftindtly,  whofe  images  are  accurately 
painted  upon  the  middle  and  moll  fenfible 
parts  of  the  retina* 

To 
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To  prevent  thefe  inconveniencies,  and 
that  the  eye  might  be  capable  of  receiving 
properly  the  impreffions  of  objedts  in  a 
great  variety  of  lights  and  diftances,  that 
membrane  called  by  Anatomifts  the  uvea  ox 
irisy  which  encompafles  the  pupil,  is  fur- 
nifhed  with  a  double  fet  of  mufcular  fibres, 
by  whofe  contraction  or  relaxation,  the 
diameter  of  this  paffage  can  be  greatly  aug- 
mented or  diminifhed.  One  plane  of  thefe 
fibres  is  circular,  and  immediately  furrounds 
the  circumference  of  the  pupil :  it  may  very 
properly  be  called  the  fphinSer  pupill<e>  fince, 
by  its  contraction,  the  pupil  is  leflened. 
The  other  is  compofed  of  a  number  of  ra- 
diated fibres,  which  take  their  rife  from  the 
great  circumference  of  the  uvea,  where  it  is 
attached  to  the  circulus  albus,  or  union  of 
the  corned  and  fclerotica,  and  are  inferred 
into  the  orbicular  mufcle  above  mentioned, 
all  round  the  circle  of  the  pupil,  as  the 
fpokes  of  a  wheel  are  into  its  nave.  This 
plane  of  mufcular  fibres  a&s  as  mtagdnift  to 
the  orbicular  one,  and  may  be  Galled  the 
laxator  or  dilatator  papillce* 
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The  circular  plane  of  fibres  is  fo  thin 
and  delicate,  that  feveral  authors  of  note 
have  doubted  of  its  exiftence  ;  but  in  ad- 
mitting it,  we  are  not  only  juftified  by  the 
authority  of  the  befl  Anatomifts  *,  but  by 
reafon  and  analogy ;  fince  the  equable  and 
regular  contra&ion  of  the  pupil  cannot  well 
be  conceived,  without  fuppofing  fome  fuch 
mechanifm  ;  and  fince  we  find  the  other 
paffages  in  the  body  which  are  endued  with 
a  power  of  contra&ing  themfelves,  furnifhed 
with  fphinBer  mufcles. 

Further,  although  the  circular  and 
longitudinal  fibres  of  the  uvea  are  fo  deli- 
cate, that  their  mufcular  ftrudture  cannot  be 
clearly  demonftrated  by  Anatomifts,  yet 
they  may  be  fufficient  for  the  performance 
of  the  various  motions  of  the  pupil ;  for  we 
daily  meet  with  infedts  whofe  agility  fhew 
them  to  be  furnifhed  with  mufcles,  al- 
though thefe  inftruments  of  motion  in 
them,  are  too  minute  to  be  difcovered  by 
the  molt  fubtile  difle&or. 

The 

*    WinJJow  anatom.   fe#.  io.    N°  220.     Ruyfch,  tbefaur. 
auatom.  2.  tab.  1.  fig.  5.  lit.  c. 
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The  figure  of  the  pupil,  as  well  as  its  de- 
grees of  contraction  and  dilatation,  are  dif- 
ferent in  different  animals.  In  man  the 
pupil  is  at  all  times  perfectly  round ;  in 
horfes,  cows,  &c.  it  is  oblong  and  tranf- 
verfe  ;  and  in  cats  in  the  day-time,  it  forms 
«  narrow  chink  perpendicular  to  the  hori- 
zon, but  in  the  dark  acquires  nearly  a  cir- 
cular figure,  and  becomes  almoft  as  large  as 
the  cornea.  If  in  cats  the  pupil  had  been 
perfectly  circular  as  in  man,  it  could  not 
well  have  admitted  of  fo  great  degrees  of 
dilatation  and  contraction,  which  yet  are 
neceffary  to  an  animal  which  mud  feek  its 
prey  in  the  night-feafon ;  at  leaft,  when 
moft  contracted,  its  edges  mull  have  been 
remarkably  furled,  and  their  thicknefs  great- 
ly  increafed,  by  being  folded  together  in  fo 
fmall  a  fpace.  Moreover,  it  is  obfervable, 
that  all  thofe  animals  which  have  the  pu- 
pil of  an  oblong  or  oval  fhape,  are  ca- 
pable of  feeing  in  a  much  fainter  light  than 
man. 

Galen,  who  did  not  allow  any  motion  to 
the  pupil,  except  when  one  of  the  eyes  is 
fhut,  afcribed  the  dilatation  of  the  pupil  of 

the 
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the  open  eye,  to  its  having  the  fpirits  which 
ufed  to  be  beftowed  on  both  eyes,  now  de- 
termined into  it  alone.  Achillinus,  who  flou- 
rished in  the  beginning  of  the  fixteenth  cen- 
tury,makes  particular  mention  of  the  motion 
of  the  pupil  from  different  degrees  of  light*; 
which  however  was  fo  little  attended  to, 
that  its  firft  difcovery  has  been  generally 
afcribed  to  Father  Paul  of  Venice^  who  lived 
about  a  hundred  years  after  him  f .  How- 
ever, neither  Father  Paul,  nor  Aquapendente 
his  cotemporary,  feem  to  have  known  any 
thing  of  the  manner  in  which  thefe  mo- 
tions are  performed.  Nor  ought  it  to  ap- 
pear ftrange,  if,  before  the  mufcular  ftruc- 
ture  of  the  uvea  was  known,  Phyfiologifts 
were  quite  in  the  dark  with  regard  to  the 
pupil's  motions,  or  if  their  accounts  of  this 
matter  be  altogether  as  wide  of  the  truth, 
as  different  from  each  other. 

The  natural  (late  of  the  pupil  is  that  of 
dilatation ;  for  fince  the  longitudinal  fibres 

of 

*  Morgagni.  adverfar.  anatom.  I .   p.  34. 

f  Fabricius  ab  Aquapendente  de  oculo,  part.  3.  cap.  6. 
Plemp.  Opthalmograph.  lib.  I.  cap.  ix.  et  Doug/at  bibliograpb. 
anatom.  p.  228. 
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of  the  iris  are  much  more  confpicuous  and 
ftronger  than  the  circular  plane,  they  muft, 
by  their  natural  contraction  %  keep  the  pu- 
pil always  dilated,  unlefs  the  latter  are  ex- 
cited into  aCtion  by  fome  particular  caufe. 

What  this  caufe  is,  could  be  no  difficult 
matter  to  difcover  :  for,  as  in  zfyncope,  apo- 
plexy, or  at  the  moment  of  death,  when  the 
eye  is  quite  infenfible  to  external  objects,  the 
pupil  is  always  greatly  dilated  ;  as  in  the 
fl12.de  it  is  remarkably  large,  and  always  the 
more  fo,  the  greater  the  darknefs;  while  in 
a  bright  light  it  is  contracted  almoft  to  a 
point ;  it  clearly  follows,  that  the  coarcta- 
tion of  this  pafTage  is  owing  to  the  aCtion 
of  light  on  the  eye  as  a  fenfible  organ,  and 
its  dilatation  to  the  fuperior  contractile 
power  of  the  longitudinal  fibres  of  the  uvea, 
when  the  eye  is  left  to  itfelf,  and  not  affeCt- 
ed  by  any  external  caufe. 

Th  e  pupil  is  contracted  more  or  lefs  in 
proportion  to  the  quantity  of  light  admitted 
into  the  eye,  not  on  account  of  any  imme- 
diate aCtion  of  this  fubtile  fluid  on  the  fibres 

of 

*  Sett.  i.  No.  3.  and  4.  above. 


128  Of  the  Vital  and 

of  the  iris,    as  fome  have  imagined*,    but 
in  confequence  of  its  affe&ing  the  tender  re- 
tina   with    an   uneafy  fenfation.        Hence 
whatever  intercepts  the  rays  of  light   fo   as 
to  prevent  their  affedting  the  retina,  or  what- 
ever renders  this  membrane  infenfible  to  their 
acftion,  occafions  a  preternatural  dilatation 
of  the  pupil.     Thus,   in   a  cataract,   where 
the  cryftalline  humour  being  confiderably 
opaque,  intercepts  a  great   part  of  the   lu- 
minous rays  in  their  way  to  the  retina,  the 
pupil  is  not  fo  much  contracted  as  in  a  found 
eye.     In  a  confirmed  gatta  ferena,  or  per- 
fect infenfibility  of  the  retina,  the  orbicular 
mufcle  of  the  pupil  lofes  its  power  of  con- 
traction altogether,  infomuch  that  this  paf- 
fage  remains  equally  wide  in  the,  brrghteft 
funfnine,    as  in  the  obfcureft  fliade.     If  the 
aftion  of  light  on  the  circular  fibres  of  the 
iris  were  the  caufe  of  their  contraction,  this 
ought  not  to  happen  ;   fince  the  nerves  of 
this  membrane,   as  they  have  no  connexion 
with  the  optic  nerve,    ought    to  remain  e- 
qually  fit  for  actuating  its  orbicular  mufcle, 

and 

*  Hiftoire  acad.  des  Tciences  1704,  edit.  8vo,  p,  18.  &  Me- 
moires,  p.  360. 
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and  equally  fenfible  of  the  ft  intuitu  of  light, 
when  the  retina  is  thus  difeafed,  as  in  a  found 
eye.     But  if  it  fhall  be  alledged,    that  in    a 
guttaferena,  the  nerves  of  the  uvea   become 
fome  how  paralytic,  and  that  the    immobi- 
lity of  the  pupil  is  owing  to  this,    and   not 
to  the  infenfibility   of  the  difeafed    retina  ; 
I  anfwer,  that  a  plain  experiment  {hews  the 
contrary:  thus  when  one  eye  is  quite  loft 
by  a  confirmed  amaurofts,    if  the  found  one 
be  covered  or  kept  fhut,  the  pupil  of  the  dif- 
eafed eye  remains  in  every  degree  of  light 
immoveable,  and  of  the  fame  fize ;  but    if 
the  found  eye  is  expofed  to  the  fun-beams, 
the  pupil  of  the  other,   which   fliewed  no 
motion   before,    will   be  evidently  obferved 
to  contrad.     This  contradion  can  only  a- 
rife  from  the  fympathy  between  the  two  pu- 
pils ;  and  fhews,  that  when   the  found  eye 
is  covered,  the  defed  of  motion  in  the  mor- 
bid one  is  not  owing  to  the  nerves  of  the  u- 
vea  being  any  ways  paralytic,  but  merely  to 
the  want  of  a  caufe  increafmg  their  adion 
upon  the  orbicular  mufcle  of  the  pupil. 

Further,  if  the  contradion  of  the  pupil 

proceeds  from  light  ading  as  aftimulus  on 

R  the 
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the  fibres  of  the  iris]  why  does  it  not  excite 
its  longitudinal  fibres  equally  into  adtion  as 
its  circular  ones  ? 

When  the  head  of  a  living  cat  is  put  un- 
der water,  its  pupil,  which  was  much  con- 
traded  before,  is  immediately  greatly  di- 
lated, though  expofed  to  the  fun-beams.  If 
the  contraction  of  the  fpbincler  pupilU  arofe 
from  the  adtion  of  light  on  its  fibres,  this 
phenomenon  would  hardly  admit  of  a  folution ; 
fince  it  does  not  appear  that  the  rays  of  light 
fhould  adt  with  much  lefs  force  upon  the  iris 
of  an  animal  under  water,  than  in  the  open 
air  :  but,  on  fuppofkion  that  the  contrac- 
tion of  the  pupil  is  owing  to  the  flimulm  of 
light  afFedting  the  retina,  it  is  eaflly  account- 
ed for.  The  rays  of  light  pafliag  from  air 
into  the  eye,  through  the  cornea,  fuffer  a 
considerable  refraction  on  account  of  its 
greater  denfity  ;  by  which  means  they  are 
made  to  approach  one  another  fo,  as  by  the 
refractions  of  the  cryitalline  and  vitreous 
humours,  they  may  be  collected  in  a  point 
on  the  retina.  But  when  the  head  of  an 
animal  is  under  water,  the  rays  of  light  fuf- 
fer attic  or  no  refraction  in  paffing  through 

the 
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the  cornea  and  aqueous  humour,  becaufe 
their  denfliy  fcarce  differs  from  that  of  .vx- 
ter:  hence  they  will  not,  as  in  the  former 
cafe,  be  made  to  approach  one  another, 
nor  will  they  have  their  focus  in  the  retina^ 
but  a  great  way  behind  it ;  this  membrane, 
therefore  will  be  very  weakly  affected  by 
them,  and  confequently  the  pupil  mud  pe 
dilated.  In  water  there  is  a  general  and 
faint  light  diffufed  over  a  great  part  of  the 
retina  ;  in  air  all  this  light  is  collected,  and 
acting  on  a  much  fmaller  fpace,  is  greatly 
more  vivid  and  ftriking. 

Mr.  Mery  indeed  has  given  a  duTeren-  fci- 
lution  of  this  phenomenon  ;  but  fuch  a  one 
as  will  not  give  a  philofophical  reader  any 
very  exalted  idea  of  his  knowledge  eidie/  la 
phyfiology  or  in  optics.  His  account  of 
the  matter  is  this.  Under  water,  the  ani- 
mal is  hindered  from  breathing,  bur  the 
m -»tion  of  the  fpirits,  to  which  he  afcnbes 
the  contraction  of  the  pupil,  depends  on 
the  circulation  of  the  blood,  and  this  again 
on  refpiration ;  therefore,  notwithftaiicKnT 
the  ufual  action  of  light  on  the  iris,  the  pu- 
pil in  an  animal  under  water,  muft  be  relax- 
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cd  merely  on  account  of  the  interruption 
of  refpiration*,— It  is  mod  certain,  that  in 
a  fyncope,  when  the  vital  motions  ceafe,  the 
pupil  is  dilated  in  air,  as  well  as  in  water, 
becaufe  the  retina  lofes  its  fenfibility  ;  but 
a  cat  plunged  into  water,  does  not  become 
immediately  infenfible,  nor  does  the  motion 
of  its  heart  ceafe  with  that  of  refpiration  ; 
and  if  a  man  can  reftrain  breathing  near  a 
minute,  without  lofing  any  of  his  fenfes,  this 
animal,  which  bears  the  air-pump  fo  long, 
muft  continue  fenfible  and  lively  under  water 
for  a  much  longer  time  :  add  to  this,  that 
the  cat's  pupil  is  obferved  to  be  greatly  di- 
lated immediately  after  immerfion;  where- 
as, according  to  Mr.  Mery's  principles,  it 
fhould  become  gradually  wider  as  the  ani- 
mal languilhes  more  and  more, 

Si^ce  the  optic  nerves  and  thofe  of  the 
uvea  arife  from  different  parts  of  the  brain, 
and  have  no  communication  with  each  o- 
ther  in  their  courfe  to  the  eye,  it  feems  evi- 
dent, that  light  affe&ing  the  retina,  cannot 
excite  the  fphinSer  of  the   pupil  into   con^ 

tra&ion, 

t  Memoires  acad?  des  fpiences  1794.  edit.  8vp.  p.  353. 
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tradtion,  by  any  immediate  mechanical 
change  which  it  produces,  either  in  the 
mufcle  itfelf,  or  in  the  nerves  which  a&uate 
it;  but  the  uneafy  fenfation  occafioned  in 
the  retina  by  the  admiflion  of  too  much  light 
into  the  eye,  may  fo  affedjt  the  fentient  prin- 
ciple, which  is  prefent  and  ready  to  adt, 
where-ever  the  nerves  have  their  origin,  as 
to  excite  it  to  contract  the  orbicular  muf- 
cle of  the  uvea,  in  order  to  leffen  the  pupil, 
and  exclude  the  offending  caufe.  While 
the  eye  remains  in  the  fame  degree  of  light, 
and  directed  towards  the  fame  objeft,  '  the 
pupil  remains  invariably  of  an  equal  fize,  as 
the  fame  caufe  continues  uniformly  to  ex- 
cite the  mind  to  determine  the  nervous  in- 
fluence in  the  fame  degree  into  its  fphindler 
mufcle :  but  no  fooner  does  the  light  become 
fainter,  than  the  fentient  principle,  being 
lefs  affe&ed,  ceafes  to  contrail  this  mufcle, 
and  allows  the  curtain  of  the  pupil  to  be 
opened  by  the  natural  adtion  of  its  longitu- 
dinal fibres,  by  which  means  more  light  is 
admitted  into  the  eye. 

When  the  eye  is  fuddcnly  removed  from 
a  very  faint  into  a  bright  light,  a  confider- 

abl^ 
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able  dazzling,  with  an  uneafy  fenfation,  is 
plainly  perceived;  and  though  in  fmaller 
changes  this  is  much  lefs  perceptible,  yet 
it  may  be  fufficient  to  excite  the  mind  to 
contract  the  pupil  fo  far  as  may  be  neceflary 
in  fuch  cafes  to  defend  the  tender  retina. 

If  it  be  allied,  why  the  orbicular  mufcle 
of  the  uvea  is  rather  contracted  than  its 
longitudinal  fibres,  upon  the  admiffion  of 
light  into  the  eye  ;  the  anfwer  is,  that  the 
contraction  of  the  latter,  would  not  tend  to 
remove  the  uneafy  fenfation,  but  to  in- 
creafe  it :  and  iuch  is  the  original  conftitu- 
tion  of  our  frame,  that  the  mind  or  fentient 
principle  is,  in  confequence  of  certain  unea- 
fy fenfations,  inftantly  determined  to  pro- 
duce  fuch  motions  or  changes  in  the  body, 
as  naturally  tend  to  remove  or  leiTeu  them. 

When  a  candle  is  placed  before  the  eyes, 
if  one  of  thefe  organs  is  covered  with  one's 
hand,  or  an  opaque  body,  the  pupil  of  the 
other  will  be  obferved  immediately  to  be- 
come wider.  Now,  as  the  mufcles  of  the 
uvea  of  the  one  eye  have  no  manner  of  con- 
nexion with  thofe  of  the  other,  either  by 
means  of  nerves  or  blood- vefTels,    unlefs  it 

be 
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be  that  the  former  are  derived  from  differ- 
ent parts  of  the  fame  brain,  and  the  latter 
from  the  aorta,  this  confent  in  their  mo- 
tions mufl  be  altogether  inexplicable  upon 
mechanical  principles  alone  :  for  if  the  ac- 
tion of  light  on  the  eye  is  the  caufe  of  the 
contraction  of  the  pupil,  why  fhould  not 
the  pupil  of  the  open  eye  remain  equally 
contracted  when  the  fame  degree  of  \mk% 
continues  to  aCt  upon  it ;  or  why  fhould  it 
be  affected  by  the  relaxation  of  the  other 
pupil,  with  which  it  has  no  immediate  con- 
nexion, while  the  mechanical  caufe  of  its 
own  contraction  continues  to  aCt  with  un- 
diminifhed  force  ? 

But  if  we  allow  the  contraction  of  the 
pupil  to  be  owing  to  a  fentient  aCtive  priii* 
ciple,  which,  in  proportion  as  it  is  more  or 
lefs  affefted,  by  the  uneafy  fenfation  arifing 
from  the  action  of  light  on  the  retina,  con- 
tracts thepupilin  a  greater  or  lefs  degree  ;  then, 
when  one  eye  is  Ihut,  its  retina  being  no  more 
expofed  to  the  light,  and  confequently  the 
fentient  principle  being  no  longer  excited  to 
contract  the  orbicular  mufcle  of  the  uvea, 
its  pupil  mufl  be  widened    by  the  natural 

contraction 
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contraftion  of  the  ftronger  longitudinal  fi- 
bres of  that  membrane :  but  as  the  mind  has, 
from  the  time  of  birth,  been  always  accuf- 
tomed  to  contract  the  pupils  of  both  eyes 
at  the  fame  time,  the  one  pupil  can  no  more 
be  relaxed  without  the  other  being  partly  fo, 
than  one  eye  can  be  directed  to  the  nofe, 
while  the  other  is  turned  from  it :  for  how 
much  foever  the  motions  of  certain  mufcles 
are  owing  to  the  immediate  energy  of  the 
mind,  yet  it  is  undeniable,  that,  by  con- 
stant habit,  we  foon  lofe  the  power  of  moving 
them,  except  in  a  particular  way;  and  as 
this  is  true  of  the  eyes,  whofe  motions  are 
quite  of  the  voluntary  kind,  and  may  be 
performed  or  reftrained  at  pleafure,  it  can- 
not with  any  colour  of  reafon  be  denied  to 
take  place  in  fuch  mufcles,  whofe  adion 
is  from  the  beginning  independent  on  the 
will. 

As  in  the  above  mentioned  experiment 
the  pupil  of  the  open  eye  is  confiderably 
relaxed,  on  account  of  the  confent  of  its 
motions  with  the  pupil  of  the  other,  fo  it  is 
not  to  be  doubted,  but  that  the  pupil  of  the 

covered 
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covered  eye  is  lefs  enlarged  than  it  would 
be,  if  no  light  was  admitted  into  the  open 
one  :  thus  in  a  gutta  ferena,  the  blind  eye 
has  its  pupil  fenfibly  contracted,  when  the 
found  one  is  expofed  to  a  bright  light,  L  e. 
the  difeafed  pupil  follows  in  fome  degree 
the  motions  of  the  found  one,  and,  by  the 
adtion  of  light  upon  it,  is  hindered  from 
being  fo  much  relaxed  as  it  would  otherwife 
be.  It  is  however  probable,  if  a  peifedi 
amaurofu  was  to  continue  long  in  one  eye 
without  affe&ing  the  other,  that  tliis  con- 
lent  between  the  pupils,  as  to  their  motions* 
would  gradually  become  lefs  remarkable, 
till  at  lad  the  pupil  of  the  difeafed  eye 
would  ceafe  to  be  leflened  almoft  in  any 
degree  by  the  action  of  light  on  the  found 
one. 

When  a  candle  is  fo  placed  a&  to  fhine 
full  upon  one  eye,  without  any  of  its  rays 
having  accefs  to  the  other,  the  pupil  expo- 
fed  to  the  light  is  obferved  to  be  fomewhat 
iefs  than  the  other ;  though  neither  of  them 
is  fo  much  contracted,  as  if  both  eyes  were 
equally  affe&ed  by  the  light.  Hence  it  fol- 
S  lows, 
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lows,  that  notwithftanding  there  is  a  re- 
markable uniformity  between  the  pupils  of 
both  eyes  as  to  their  motions,  yet  they  do 
not  exactly  keep  pace,  but  the  pupil  im- 
mediately expofed  to  the  greateft  light  is 
mod  contracted.  And  this  ferves  further 
to  fhew,  that  when  one  eye  is  covered,  the 
pupi]  of  the  open  one  becomes  wider,  from 
the  confent  between  its  motions  and  thofe 
of  the  darkened  one  ;  and  not,  as  fome 
may  perhaps  imagine,  becaufe  the  mind  re- 
ceiving only  the  impreffion  of  light  a&ing 
upon  one  eye,  and  therefore  being  lefs  af- 
fected than  when  both  eyes  are  open,  makes 
a  lefs  effort  to  exclude  the  light,  by  contrac- 
ting the  pupil.  The  reader  will,  however, 
eafily  perceive,  that  in  both  ways  of  ex- 
plaining the  above  phenomenon,  the  neceP 
fity  of  deducing  thefe  motions  of  the  pupil 
from  the  mind,  is  equally  acknowledged. 

If  it  fhall  be  alledged,  that  the  contrac- 
tion of  the  pupil  is  not  owing  to  the  adtion 
of  light  on  the  retina,  but  on  the  choroid 
coat,  and  that  the  uvea  being  a  continua- 
tion of  this  membrane,  and  having  its  nerves 

from 
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from  the  fame  fource,  may  eafily  be  flip- 
pofed  to  have  a  remarkable  fympathy  with 
it.  Without  entering  into  the  difpute, 
whether  it  is  the  retina  or  choroid  that  re- 
ceives the  impreffion  of  objects,  and  feels 
the  Jlimuks  of  light ;  I  anfwer,  that  as  the 
agreement  juft  now  obferved  between  the 
two  pupils  as  to  their  motions,  cannot  pof- 
fibly  arife  from  any  mechanical  confent  be- 
tween them,  but  muft  be  owing  to  fome 
common  principle  in  the  brain  ;  fo  it  is 
highly  reafonable  to  imagine,  that  the  con- 
traction of  the  orbicular  mufcle  of  the  uvea, 
iri  confequence  of  light  being  admitted  into 
the  eye,  proceeds  from  the  fame  caufe,  and 
not  from  any  connexion  between  the  choroid 
and  uvea:  for  fuppofing  it  did,  why  (hould 
its  circular  fibres  rather  than  its  longitudi- 
nal ones  be  contracted  ;  fince,  as  the  latter 
are  nearer  to,  and  more  immediately  cje- 
rived  from  the  choroid  than  the  former, 
one  would  be  apt  to  think  their  fympathy 
with  it  fhould  be  the  more  remarkable. 

Having,  as  we  hope,  given  a  clear  and 
confident  account  of  the  pupil's  motions, 
fo  far  as  they  are  owing  to  different  degrees 

of 
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of  light  applied  to  the  eye ;  it  may  not 
perhaps  be  improper,  briefly  to  point  out  a 
few  miftakes  of  fome  authors  of  confide- 
rable  character,  with  refpedt  to  this  matter. 
Mr.  Mery,  not  being  able  to  obferve  any 
circular  fibres  in  the  iris,  whofe  contradtion 
might  account  for  the  conftriction  of  the 
pupil,  endeavours  to  prove  that  this  is  ow- 
ing to  the  inflation  and  elongation  of  its 
longitudinal  fibres  by  the  animal  fpirits  being 
more  copioufly  derived  into  them  ;  and 
that  the  dilatation  of  the  pupil  is  owing 
folely  to  the  fpring  or  elafticity  of  thefe 
fibres,  whereby  they  become  fhorter  when 
left  to  themfelves*.  But  there  is  no  in- 
fiance  in  the  human  body,  of  any  mufcle 
becoming  longer  by  a  more  copious  deriva- 
tion of  the  nervous  influence  into  it ;  the 
conftant  effect  of  this  is,  to  fwell,  harden, 
and  fhorten  the  mufcle  at  the  fame  time. 
Nor  indeed  would  it  be  eafy  to  conceive 
(allowing  a  Angular  flru&ure  in  the  longitu- 
dinal fibres  of  the  iris)  how  they  could  be 
fo  lengthened  by  the  influx,  of  animal  fpirits, 
as  to   reduce  the  pupil  almoft  to  a  point, 

without, 

*  Mcmoires  acad.  des  fciences  1704,  edit.  8vo.  p.  352. 
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without,  at  the  fame  time,  being  fo  inflated 
as  to  make  a  very  remarkable  difference  in 
the  thicknefs  of  this  membrane. 

Th  e  ingenious  M .  de  la  Hire  imagines, 
that  as  a  bright  light,  by  difagreeably  af- 
fe&ing  the  bottom  of  the  eye,  excites  us  to 
contract  the  pupil ;  fo,  in  the  dark,  we  do 
our  utmoft  to  dilate  it,  that  we  may  fee 
more  diflinctly*;  that  is,  its  dilatation  is 
owing;  to  an  effort  of  the  will,  occafionins; 
a  ftronger  acftion,  than  ufual,  of  the  influ- 
ence of  the  nerves  on  the  longitudinal  fibres 
of  the  iris.  To  prove  this,  he  fays,  that 
cats  in  a  luminous  place,  when  they  do  not 
feem  to  be  taking  notice  of  any  thing  a- 
round  them,  have  their  pupils  almofl  quite 
fhut,  but  that,  as  foon  as  any  extraordinary 
object  prefents  itfelf,  fo  as  to  draw  their 
attention,  they  immediately,  and  at  once, 
open  their  pupils  confiderably  f .  If  this  be 
true,  as  I  dare  fay  it  is,  then  cats  muft  be 
allowed  to  have  a  power  of  dilating,  and 
probably  alfo  of  contracting  their  pupil  at 
pleafure,  when  the  quantity  of  light  applied 

H 

*  Memoires  acad.  des  fciences  1709.  edit.  8vo.  p.  isr. 
f  Ibid.  p.  121,  122. 
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to  their  eyes  remains  the  fame ;  which  how- 
ever is  not  the  cafe  with  men,  in  whom  the 
widenefs  of  the  pupil  in  a  fjncope,  apoplexy 
and  confirmed  gutta  ferena,  fhews,  that,  in 
order  to  dilate  the  pupil  to  its  largeft  fizey 
i)o  effort  of  the  mind  is  neceffary,  but  only 
the  fuperior  coritra&ile  power  of  the  longi- 
tudinal fibres  of  the  uvea,  when  its  circular 
mufcle  is  not  excited  into  a&ion  by  the 
Jlimulus  of  light  on  the  retina.  Nor  have  I 
ever  been  able  to  obferve  that  the  pupil  is 
narrower  in  a  light  room,  when  one  does 
not  attend  to  any  thing  around  him,  and 
becomes  wider  as  foon  as  he  looks  ar  any 
object  within  a  proper  diftance  of  the  eye, 
fo  as  to  fee  it  diftindlly. 

The  fame  author,  in  confequence  I  fup- 
ppfe  of.  his  above  mentioned  notion  of  the 
voluntary  dilatation  of  the  pupil,  alfo  al- 
iedges,  that,  in  a  bright  light,  when  we  look 
attentively  at  an  objed  in  order  to  fee  \t$ 
fmall  parts,  the  pupil  is  not  fo  much  con- 
tracted as  it  would  be  by  the  adtion  of  this 
degree  of  light  alone,  did  we  make  no  fuch 
effort  to  fee  any  thing  diflindtly  *.     This, 

however, 

f  Memoires  acad.  des  kknce^iya),  edit.  8vo.  p.  121,  122. 
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however,  is  fo  far  from  being  true,  that  it 
will  appear,  from  experiments  to  be  men- 
tioned below,  that  in  the  ftrongeft  light  the 
pupil  is  lefs  contracted  when  we  make  no 
effort  to  fee  any  thing  diftinctly,  than  when 
we  look  with  great  attention  to  a  near 
objeft,  fo  as  to  obferve  its  minute  parts. 

The  learned  M.  de  Haller,  equally  doubt- 
ful of  the  exiftence  of  the  circular,  and  of 
the  acftion  of  the  longitudinal  fibres  of  the 
uvea,  deduces  the  contraction  of  the  pupil 
from  the  jlimulus  of  light  affecting  the  iris, 
and  occafioning  a  greater  flux  of  humours 
into  its  fine  pellucid  vefTels,  by  which  means 
thev  are  extended  in  length,  the  iris  is  ren- 
dered  broader,  and  confequently  the  pupil 
narrower.  The  dilatation  of  the  pupil,  he 
afcribes  to  the  aqueous  humour  preffing  its 
edges  outward,  when  the  powers  con  trading 
it,  and  confequently  refilling  the  prefTure 
of  this  fluid,  are  weakened*.  But,  if  the 
contraction  of  the  pupil  was  owing  to  the 
elongation  of  the  vefTels  of  the  iris,  from 
the  humours  moving  with  greater  force 
through  them,  then,  in  animals  newly  dead, 

warnr 

*  Primae  lineae  Phyfiolog.  fedt.  506.  et  515, 
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warm  water  injected  into  the  carotid  artery, 
ihould  make  the  pupil  contract  fenfibly. 
Further,  the  iris  Ihould  become  thicker  and 
its  veflels  fhould  fwell ;  fince  the  greater 
force  of  the  fluids  moving  in  them  muft  in- 
ereafe  their  tranfveffe  diameter,  as  well  as 
their  length  :  thus  when  the  penis  is  ere&ed 
by  the  effufion  of  blood  into  its  cells,  it  be- 
comes thicker,  as  well  as  longer.  Laftly, 
as  this  theory  fuppofes  the  contraction  of 
the  pupil  to  proceed  from  the  a<ftion  of  light 
as  a  jlimulus  upon  the  fenfible  veflels  of  the 
iris,  it  may  be  looked  upon  as  fufficiently 
confuted,  by  what  has  been  offered  above, 
to  fhew  that  it  is  to  the  action  of  light  on 
xhc  retina,  and  not  on  the  iris,  that  the 
contraction  of  the  pupil  is  owing*. 

With 

#  It  has  been  urged  as  a  proof  of  M.  de  Hal/ers  opinion 

concerning  the  contraction  of  the  pupil,  that  when  the  jugular 

veins  were  tied  in  a  cat,    the  pupil   became  narrower  f;  but 

this  experiment  only  (hows  that  the  veflels  of  the  iris  as  well 

as  the  vefTels  of  the  conjunctiva  and  indeed  of  the  whole  face, 

are  much  diftended,  when  the  return  of  the  blood  from  them 

to  the  heart  is    prevented.     This  diftenfion  of  the  veflels  of 

the  iris  muft  have  rendered    the   pupil   fomewhat  narrower  5 

bv 
f  See  Relationes  de  libris  riovU  Gotting.  1752,. 
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With  refpedt  to  M.  deHaller's  account 
of  the  dilatation  of  the  pupil ;  it  were  fuf- 
ficient  to  obferve,  that  as  the  watry  hu- 
mour, like  all  other  fluids,  muft  neceffarily 
prefs  the  parts  of  the  iris  as  much  inwards 
toward  the  pupil,  as  outwards  toward  the 
cornea,  it  is  evident  it  can  have  no  effe£  in 
widening  the  pupil.  Unlefs  therefore  this 
learned  author  will  fhew,  contrary  to  the 
firft  and  hitherto  univerfally  received  prin- 
ciples of  hydroftatics,  that  the  parts  of  the 
aqueous  humour  are  not  in  equilibria  among 
themfelves,  his  opinion  muft  neceffarily  fall 
to  the  ground.  But  further,  if  the  dila- 
tation of  the  pupil  was  not  owing  to  the 
natural  contractility  of  the  longitudinal 
fibres  of  the  uvea,  but  merely  to  the  preffure 
of  the  aqueous  humour  upon  its  edges,  when 
the  power  contracting  it  ceafes  to  adt  ;  the 
pupil  fhould,  contrary  to  experience,  con- 
tinue to  grow  wider  for  fome  time  after 
death,  becaufe  the  veffels  and  fibres  of  the 
T  iris, 

but  this  diminution  of  the  pupil  is  as  different  from  its  con- 
traction occalioned  by  light,  as  the  fwelling  of  the  perns,  m 
conlequence  of  a  ligature  made  upon  it,  is  different  from  a 
true  ere&ion  of  that  member. 
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iris,  becoming  then  remarkably  more  fko 
cid,  mud  be  lefs  able  to  refift  the  fuppoied 
prefiure  of  the  aqueous  humour :  but  if  the 
enlargement  of  the  pupil,  is  owing  to  the 
natural  contraction  of  the  longitudinal  fibres 
of  the  iris,  as  has  been  above  explained, 
then  it  will  evidently  appear  why  the  pupil 
does  not  become  wider,  but  rather  nar- 
rower after  death,  becaufe  thefe  fibres  which 
retraCt  its  edges,  gradually  lofe  their  con- 
tractile power,  and  are  fomewhat  lengthen- 
ed*. 

The  accurate  Winflow  is,  I  believe,  the 
firft  who  obferved  that  the  pupil  becomes 
lefs  after  death.  In  fome  bodies  he  found 
it  of  a  moderate  fize,  in  others  a  good  deal 
more  contracted,  but  never  much  dilated, 
as  we  know  happens  in  a  gutta  ferena,  fyncope, 
apoplexy,  &c.  f .  The  pupil,  however,  not 
only  thus  becomes  narrower  after  death, 
but  alfo  fometimes  before  it. 

Thus  in  a  boy  of  5  years  of  age,  who 
had  been  for  fome  days  comatofe,  the  pu- 

P« 

*  See  fome  farther  obfervations  on  this  fubjeft  in  my  Phyfi- 
ological  Effays  edit.  2.  p.  144,  ire. 

f  Memoires  acad.  desfciences  1721.  edit.  8vo,  p.  416. 
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pil  firft  became  remarkably  wide,  and  was 
not  fenfibly  affected  by  a  lighted  candle 
brought  very  near  the  cornea  :  about  15 
hours  after  this,  looking  into  his  eye,  I  ob- 
ferved,  with  f.irprize,  the  pupil  not  larger 
than  in  a  found  eye  in  a  moderate  light. 
At  this  time  having  endeavoured  toroufe 
him,  by  holding  fpirit  of  fal  ammoniac,  to 
his  noftrils,  and  making  him  fwallovv  fome 
cinnamon  water  with  fp.  volat.  oleof.,  the 
pupil  was  thereby  fuddenly  dilated,  and  be- 
came as  wide  as  it  had  been  the  evening 
before.  After  half  an  hour,  he  fell  into  a 
greater  degree  of  Jlupor,  and  his  pupil  be- 
came remarkably  lefs  as  above,  and  remain- 
ed equally  fo  in  all  degrees  of  light ;  but 
upon  applying  fpirit  of  fat  amnion,  to  his 
nofe,  it  was  quickly  enlarged,  fo  as  to  occu- 
py two  thirds  of  the  cornea*  This  experi- 
ment I  repeated  four  times  in  the  fpace  of 
two  days,  and  always  with  the  fame  fuccefs. 
During  moft  of  this  time,  this  child's  pulfe 
was  ftrong  and  full.  When  his  head  was 
opened  after  death,  there  were  found  im- 
mediately below  the  corpus  callofum,  about 
two  ounces  of  water. 

From 
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From  this  remarkable  hiftory,  it  feems 
manifeft,  that  the  dilatation  of  the  pupil 
foon  after  the  coming  on  of  the  coma,  was 
owing  to  the  compreffion  of  the  thalami  ner- 
vorum opticorum,  by  the  water  collected  in 
the  brain,  which  rendered  the  retina  infen- 
fible  of  the  Jlimulus  of  light.  Soon  after, 
the  origin  of  the  nerves  of  the  uvea  begin- 
ning to  be  comprefled  by  the  growing  col- 
lection of  lymph,  the  longitudinal  fibres  of 
this  membrane  loft  their  power  of  contrac- 
tion, and  became  flaccid,  almoft  as  in  dead 
bodies ;  whence  the  edges  of  the  pupil  were 
lefs  retraced.  The  volatile  fpirits  applied 
to  the  olfa&ory  nerves,  by  giving  a  (hock  to 
the  whole  brain  and  nervous  fyftem,  infome 
degree  opened  the  obftrudted  nerves  of  the 
uvea,  fo  as  to  allow  their  influence  to  be 
derived  into  its  fibres,  the  neceflary  confe- 
quence  of  which  was  the  dilatation  of  the 
pupil.  But  as  foon  as  the  effecft  of  this  Jli- 
mulus was  over,  the  influence  of  their  nerves 
being  again  intercepted,  the  longitudinal 
fibres  of  the  uvea  were  relaxed,  and  there- 
fore the  pupil  was  lefs  dilated.  As  thefe 
different  ftates  of  the  pupil  were  more  re- 
markable 
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markable  in  the  left  than  in  the  right  eye,  it 
is  probable,  that  one  fide  of  the  medullary 
fubftance  of  the  brain  was  fomewhat  more 
comprefled  than  the  other.  Laftly,  fince, 
after  the  pupil  was  enlarged  by  the  fiimulus 
of  the  volatile  fpirits,  the  eye  ftill  remained 
wholly  infenfible  to  the  a&ion  of  light,  it 
is  reafonable  to  think,  that  the  preiTure 
upon  the  origin  of  the  optic  nerves  was 
greater,  than  upon  that  of  the  nerves  of  the 
uvea. 

2.  The  motions  of  the  pupil  are  not 
only  neceffary  to  adapt  the  eye  to  different 
degrees  of  light,  but  alfo  to  the  diftindt  vi- 
fion  of  obje&s  at  different  diftances.  Thus 
if  a  book  which  one  can  eafily  read  at  the 
diftance  of  two  feet,  is  gradually  brought 
nearer  the  eye,  till  the  letters  can  be  no  long- 
er  diftinguifhed,  the  pupil  will  be  obferved 
to  become  narrower  in  proportion  as  the 
book  approaches  the  eye.  Again,  if  one 
looks  firft  to  a  candle  two  or  three  feet  dip 
tant,  and  immediately  after  to  the  point 
of  a  quill,  or  any  fuch  object,  within  five  or 
fix  inches  of  the  eye,  and  nearly  in  the  fame 

direction 
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direction  with  the  candle,  the  pupil  will  bo 
fenfibly  contracted  :  now,  as  the  fame  quan- 
tity of  light  from  the  candle,  fhines  upon 
the  eye  in  thefe  two  cafes,  the  greater  con- 
traction of  the  pupil  in  the  latter  cafe,  can- 
not be  owing  to  the  light  more  ftrongly 
affecting  the  retina,  but  to  an  effort  of  the 
mind  to  fee  the  object  more  diftinctly.  This 
is  (Till  further  confirmed  by  the  following 
experiment ;  let  one  with  his  back  to  the 
light,  firft  look  to  an  objed  of  a  lively 
colour  at  the  diftance  of  three  or  four  feet 
from  his  eyes,  and  afterwards  to  a  dark  one 
at  the  diftance  of  five  or  fix  inches,  and  the 
pupil  will  be  obferved  to  become  fenfibly  nar- 
rower  when  he  looks  at  the  near  object,  altho' 
the  quantity  of  light  reflected  from  it  is  lefs. 
Hence  the  learned  Dr.  Jurin  feems  to  be 
miitaken  when  he  fays,  that  in  a  faint  light 
the  pupil  is  fo  far  from  contracting  in  order 
to  diftinct  vifion,  that  there  is  rather  a  ne*- 
ceffiry  of  dilating  it  in  order  to  take  in 
more  light  *;  for  in  a  faint  light  the  pupil 
is  always  obferved  to  be  wider,    when  we 

look 

*  Efiay  on  diftincl  and  indiftinct  vifion  at  the  end  of  Smiths, 
Optics,  p.  145. 
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look  at  an  objedt  three  or  four  feet  from  the 
eye,  than  when  it  is  placed  fo  near  it,  as 
to  be  feen  indiftindtly. 

The  neceffity  of  the  contraction  of  the1 
pupil  when  we  look  at  near  objedts  in  order  to 
render  vifion  more  diftindt,  is  eafily  undcr- 
ftood ;  for  as  in  near  objedts  the  divergency 
of  the  rays  is  much  greater  than  in  diftant 
ones,  and  as  thofe  rays  only  ferve  for  di- 
ftindt  vifion,  which  do  not  diverge  much 
from  the  axis  of  each  pencil,  the  pupil  muft 
be xon trailed,  in  order  that  the  ufelefs  or 
difturbing  ones  may  be  excluded.  The 
contraction  therefore  of  the  pupil  in  view- 
ing near  objects,  is  not  folely  owing  to  the 
fpiflitude  of  the  rays  reflected  from  them, 
as  Plempius,  and  others  after  him,  have 
thought*,  but  chiefly  to  an  effort  of  the  will 
in  order  to  diftindt  vifion  :  in  like  manner, 
when  we  look  at  remote  objedts,  the  pupil 
not  only  becomes  wider,  becaufe  the  rays  are 
thinner,  and  confequently  their  light  fainter, 
but  alfo  becaufe  its  fphintter  mufcle,  on  ac- 
count of  the  weaknefs  of  the  light,  is  not  near 

fo 

*  Plemp.  optbalmogr.  lib.  3.  cap.  8.  and  Ha  Her.  comment, 
in  inftitut.  Boerhaav,  feft.  536. 
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fo  much  contra&ed  in  order  to  diftindt  vi* 
fion,  as  when  we  view  objedts  which  are 
placed  at  a  lefs  diftance  from  the  eye,  than 
the  limit  of  diftinft  vifion. 

In  viewing  diftant  objefts,  the  pupil  is 
not  widened  by  any  effort  of  the  mind,  but 
its  fize  is  -chiefly  determined  by  the  quantity 
of  light  applied  to  the  eye,  which,  as  it  is, 
ceteris  paribus,  fainter  in  diftant  than  in  near 
objefts,  mud  occafion,  a  fmall  degree  of  di- 
lation in  the  pupil,  when  we  contemplate 
the  former :  but  in  looking  at  any  thing 
nearer  the  eye,  than  that  diftance  at  which 
we  fee  diftinflly,  and  with  the  greateft  eafe, 
the  contraction  of  the  pupil  is  principally 
owing  to  a  voluntary  exertion  of  the  mind's 
power  in  order  to  render  vifion  more  dif- 
tinfl: ;  and  but  in  a  very  fmall  degree,  to 
the  ftronger  and  more  vivid  light,  which 
the  objed't,  on  account  of  its  vicinity  %  reflects 
upon  the  eye  *. 

Maitre 

*  Aitho'  the  learned  Dr  Porterfield  has  quoted  this  para- 
graph in  fuch  a  manner  (particularly  by  leaving  out  thefe 
words,  on  account  'of  its  vic'mity)  as  to  6nd  ground  for  cen- 
fure  ;  (a)  yet  its  truth  is  clearly  proved  by  the  following  eafy 
experiment.  If,  while  one  looks  ftedfaftly  at  a  pin  at  the  di. 
i  fiance 

{a)  See  his  treatife  one  the  eye,  vol.  x.  p.  171. 
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Maitre  Jan  has,  by  a  wonderful  miftake, 
afTerted,  that  the  pupil  is  le(fened  when  we 
look  at  diftant  objeits,  and  enlarged  when 
we  behold  near  ones ;  and  is  at  great  pains 
to  fhew  the  ufefulnefs  of  thefe  motions  to 
diftindr.  vifion.  But  his  reafoning  on  this 
head  is  extremely  weak,  and  fcarce  confid- 
ent with  any  tolerable  knowledge  of  optics  *• 

The  author  of  the  EJfais  de  phyfiqae,  has 
fallen  into  an  error  no  lefs  inconfiftent  with 
the  laws  of  vifion,  when  he  affirms,  that  the 
images  of  objects  in  the  bottom  of  *he  eye, 
are  greater  or  lefs,  as  the  pupil  is  more  or 
lefs  dilated  ;  and  hence  accounts  for  the 
fun's  appearing  much  larger  when  he  firfh 
gets  above  the  horizon,  than  at  mid-day, 
when  his  greater  fplendor  makes  the  pupil  to 
be  more  contra&ed  f .     But  if  this  were  fo, 

U  objedb 

ftance  of  three  feet  from  the  eye,  another  pin  be  placed  in  the 
fame  right  line  in  the  axis  of  vifion,  within  three  or  four  inches 
of  the  eye,  the  pupil  will  not  be  fenfibly  Ieflened,  although 
more  rays  Alter  the  eye  from  this  near  pin  than  from  the  more 
diflant  one  ;  but  as  foon  as  the  perfon  views  the  near  pin,  the 
pupil  will  be  evidently  contracted  in  order  that  it  may  be  teen 
more  diftinclly. 

*  Maladies  del'osil.  chap.  viii.  &  xxi. 

f  L.  'Anatome  d'Heifter,  avec  Eflsus  de  pby&jue,  edit.  2,  p. 
703. 
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objects  ought  to  appear  always  large'ft  in  the 
fainteft  light ;  which  we  do  not  find  con- 
firmed by  experience.  Further,  fince  the 
imao;e  of  any  object  is  formed  by  the  union 
of  the  pencils  of  rays  that  flow  from  each 
point  of  the  object  in  correfpondent  points 
of  the  retina,  it  is  evident,  that  its  mag- 
nitude depends  on  no  other  circumftances, 
but  the  real  magnitude  of  the  objelt,  and 
its  real  diftance  from  the  eye*.  The  dif- 
ferent fize  of  the  pupil  may,  agreeably  to 
what  has  been  obferved  above,  affect  the 
luftre  and  accuracy  of  the  feveral  points  of 
the  image,  but  cannot  alter  their  diftance, 
becaufe  the  axis  of  the  feveral  pencils,  and 
their  angles  of  inclination,  continue  the 
fame,  whatever  is  the  bulk  of  the  pupil.— 
Any  one  may  fatisfy  himfelf  at  once,  by 
an  eafy  experiment,  that  the  contraction 
and  dilatation  of  the  pupil  cannot  alter  the 
bulk  of  the  image  of  any  objedt  formed  on 
the  bottom  of  the  eye ;  for  the  pidture  which 

is- 

*  It  is  not  affirmed,  that  the  apparent  magnitude  of  ob- 
jects depend  on  the  circumftances  here  mentioned  alone  ;  for 
we  are  well  aware,  that  experience,  the  known  diftance  of  ob- 
je#s,  and  other  things,  have  great  influence  in  this  matter. 
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is  made  by  a  common  lens  on  a  fheet  of  pa- 
per, will  be  found  to  flirink  or  fweli,  when 
greater  or  leffer  concentric  portions  of  the 
lens  are  covered. 

As  we  have  already  feen,  that  the  pupil 
cannot  be  fo  much  contracted  by  the  action 
of  light  alone  on  the  eye,  as  when,  along 
with  this,  there  is  an  effort  of  the  will  to 
fee  a  near  object  more  diftjnctly  ;  fo  the  pu- 
pil cannot,  by  any  effort,  in  order  to  diftinct 
vifion,  be  as  much  leffened  in  a  faint  light 
as  in  a  bright  one.  Thus,  if  one  with  his 
back  to  the  windows  of  a  room,  brings  a 
fmall  printed  book  fo  near  his  eyes,  that  he 
cannot,  without  (training,  diftinguifh  the 
letters;  upon  turning  his  face  quickly  to 
the  lip-lit,  he  will  be  able  to  read  with  little 
difficulty  *  \  becaufe,  by  the  action  of  the 
ftronger  light  on  the  retina,  the  pupil  is  im- 
mediately leffened,  and  therefore  its  power, 
to  prevent  the  diffipation  of  the  rays,  and 
confequently  indiftinct  vifion  is  increafed. 
Hence  neither  the  fingle  effort  of  the  mind 
to  avoid  indifthivfl  vifioiv  nor  a  vivid  light 

alone, 

*  See  Dr  Jurin's  eflay  on  diftinfl:  and  indiftinft  vifion. 
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alone,  can  contract  the  pupil  to  its  leaft 
fize,  that  is,  not  fo  much  as  when  both  thefe 
caufes  of  its  contra&ion  are  united. 

In  infants,  but  more  efpecially  in  fuch  as 
are  newly  born,  the  pupil  is  obferved  to  be 
wider  in  proportion  to  the  breadth  of  the 
iris,  than  in  grown  people,  when  the  eyes  of 
both  are  expofed  to  the  fame  degree  of 
light ;  1  •  becaufe  in  fistufes  and  new-born 
children,  the  cornea  being  thicker,  lefs  tran- 
iparent,  flatter,  and  not  fufficiently  ftretch-? 
ed,  on  account  of  the  fmall  quantity  of  a- 
queous  humour"*,  the  retina  is  lefs  affedted 
by  the  rays  of  light,  which  are  neither  free- 
ly tranfmitted  to,  nor  properly  collected 
upon  itf  ;    and,   2.  becaufe  it  is  probable 

that 

*  Memoires  acad.  des  fciences  1727.  edit.  Svo.  p.  348, 
340.  and  350. 

f  It  has  been  objected  to  this,  that  if  in  infants  vifion  is 
indiftinft,  on  account  of  the  cornea  being  thicker,  flatter,  and 
lefs  tranfparent  in  them  than  in  adults,  their  pupil  ought  not 
to  be  wider,  but  more  contracted  in  order  to  render  vifion 
more  diftincl:  J.  But  as  the  above  mentioned  differences  be- 
tween the  eyes  of  new-born  infants  and  thofe  of  grown  per- 
fons  do  really  take  place,  the  greater  widenefs  of  the  pupil  in 

the 
I  See  Dr.  rcrtcrfield's  Trcatife  on  the  eye,  voJ.  1.  p.  170.  and  J71. 
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that  they  want,  in  a  great  meafure,  the  fa- 
culty of  contracting  the  pupil,  in  order  to 
the  more  diftinft  vifion  of  near  objefts,  which 
feems,  like  the  uniform  motions  of  the  eyes, 
to  be  partly  acquired  by  habit,  The 
caufes,  therefore,  to  which  the  contra<£tior> 
of  the  pupil  are  owing,  being  weaker  in 
new-born  infants  than  in  adults,  it  is  no 
wonder  that  this  paffage  appears  more  di- 
lated in  the  former  than  in  the  latter. 

In  old  people  the  pupil  becomes  lefs  move- 
able, becaufe  the  retina  grows  lefs  fenfible  of 

the 

the  former  than  in  the  latter  (hews  the  fallacy  of  this  reafon- 
ing  ;  and  at  the  fame  time  demonstrates,  that  the  eyes  being 
full  and  plump,  or  much  diftended  with  the  aqueous  and  other 
humours,  cannot  be  the  caufe  of  the  widenefs  of  the  pupil  in 
new-born  children;  as  the  learned  Dr.  Porterfie/d  would  make 
us  believe  || :  On  the  contrary,  as  Petit  has  obferved,  the 
cornea  which  is  a  good  deal  flat  at  birth,  becomes  after- 
wards more  prominent,  by  the  jncreafe  of  the  quantity 
of  the  watry  humour.  I  fhall  only  add,  that  when  objects 
are  not  clearly  feen,  becaufe  the  rays  of  light  are  not 
tranfmitted  to  the  retina,  on  account  of  an  opacity  of  the  cry- 
ftalline,  watery  humour,  or  cornea,  the  pupil  is  not  contracted 
to  remedy  this  defect,  as  it  is,  when  objects  are  feen  indiftinctly, 
on  account  of  their  being  placed  either  too  near,  or  too  far 
from  the  eye. 
\  Porterjield's  Treatife  on  the  eye,  vol.  r.   p.  163. 
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the  Jlimuks  of  light,  and  the  mufcular  fibres 
of  the  iris  lofe  in  part  their  contractile 
power :  further,  in  old  age,  the  cornea,  on 
account  of  the  decreafe  of  the  aqueous  hu- 
mour, lofes  its  brilliancy ;  whence  the  retina 
will  be  lefs  affected  by  light,  andconfequent- 
ly  the  pupil  would  become  wider,  were  ic 
not  that  this  is  more  than  compenfated  by 
the  diminifhed  elafticity  of  the  longitudi- 
nal fibres  of  the  uvea  and  by  the  eye  be- 
coming lefs,  in  confequence  of  a  diminution 
of  the  quantity  of  its  humours,  whence  the 
diameter  of  the  cir cuius  albus,  to  which  the 
.uvea  is  attached,  being  leflened,  the  aper- 
ture of  the  pupil  muft  become  narrower. 

The  motions  of  the  pupil  from  light,  dif- 
fer from  thofe  which  are  performed  in  order 
to  render  vifion  lefs  indiftinct ;  fince  the  for- 
mer are  owing  to  an  uneafy  fenfation  af/ 
feeling  the  retina  •  whereas  the  latter  arife 
from  an  act  of  volition,  or  effort  of  the  will 
in  order  to  the  more  diftindt  vifion  of  ob- 
jects at  certain  diftances.  The  former  are 
of  the  fame  kind  with  the  contraction  of 
the  diaphragm  in  the  hiccup  and  in  vomit- 
ing, of  the  mnfclcs  of  refpiration  in  fneezing, 

and 
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and  of  the  accelerators  urine  in  expelling  the 
Jemen.  The  latter  agree  with  the  motions 
of  the  cryftalline,  by  which  the  eye  is 
adapted  to  fee  diftinctly  at  different  distan- 
ces, and  with  the  uniform*  motions  of  the 
eyes  in  looking  at  objects.  The  firft  are  al- 
ways neceflary  and  independent  of  the  will ; 
but  the  fecond  are  plainly  voluntary,  and 
can  be  reltrained  if  we  pleafe,  though  they 
are  often  not  attended  with  confcioufnefs 
of  volition. 

In  looking  at  near  objects,  the  pupil  is 
leflened,  at  the  fame  time  that  the  cryftal- 
line humour  is  brought  forward  towards  the 
cornea,  by  the  contraction  of  the  ciliary 
proceiTes ;  but  when  we  contemplate  more 
diitant  ones,  the  contraction  of  the  ciliary 
proceffes  and  orbicular  mufcle  of  the  uvea 
ceafing,  the  cryftalline  returns  to  its  natural 
fituation,  and  the  pupil  to  that  fize  to  which 
it  is  fixed  by  the  quantity  of  light  applied 
to  the  eye.  Thefe  motions  though  both 
voluntary,  yet  come  to  be  fo  connected  by 
habit,  that  we  cannot  perform  them  fepa- 
rately ;  nay,  as  often  as  we  direct:  our  eyes 
to  any  near  objecT,  the  motion  of  the  crv~ 

fraiiinc 
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flalline  and  contraction  of  the  pupil  natural- 
ly go  along,  and  are  performed  in  fuch  a 
degree,  as  is  mofl  proper  to  procure  diftinCt 
vifion  at  that  particular  diftance :  nor  can 
we  feparate  thefe  three  motions  -  although, 
as  they  are  all  voluntary,  they  may  be  re-' 
{trained  or  performed  at  pleafure. 

The  pupil  differs  from  the  anus,  neck  of 
the  bladder,  and  other  paffages  guarded  by 
fphinfiers,  in  being  always  dilated  when 
nothing  adventitious  aCts  on  the  eye,  while 
the  latter,  left  to  themfelves,  are  conftantly 
contracted  ;  the  reafon  of  which  is,  that  the 
natural  and  equable  contraction  of  the  Ion- 
o-itudinal  fibres  of  the  uvea,  which  ferve  to 
dilate  the  pupil,  is  ftrongeft,  while  the  con- 
trary holds  true  of  the  other  paffages  now 
mentioned,  whofe  fpbin&er  mu'fcles  have 
either  no  proper  antagonifts,  or  fuch  as  are 
much  weaker  than  themfelves.  Further, 
after  death,  when  thefe  fphin&ers  are  re- 
laxed, and  confequently  their  paffages  ren- 
dered more  patent,  the  pupil  becomes  fenfi- 
bly  lefs,  becaufe  the  longitudinal  fibres  of 
the  iris,  to  whofe  contraction  its  dilatation 
was  owing,   lofe    their  contractile  power, 

grow 
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grow  flabby  and  longer.  Hence  we  fee, 
that  at  death  the  eye-lids  remain  partly 
open,  for  the  fame  reafon  that  the  pupil  is 
leffened  after  it. 

If,  from  any  caufe,  the  longitudinal  fibres 
of  the  uvea  are  rendered  quite  paralytic, 
while  its  circular  mufcle  retains  its  ufual 
power,  the  pupil  will,  by  the  natural  con- 
traction of  the  latter,  be  at  all  times  very 
much  contracted,  fo  that  in  a  bright  light 
it  will  become  little  lefs  than  in  the  fhade. 
If  the  circular,  as  well  as  longitudinal  fibres 
of  the  ifis}  are  entirely  paralytic,  the  pupil 
will  be  altogether  deftitute  of  motion,  and 
much  in  the  fame  flate  that  it  is  fome  time 
after  death,  i.  e.  it  will  be  generally  as  much 
contracted  as  the  pupil  of  a  found  eye  is  in 
a  moderate  degree  of  light.  If  the  mufcu- 
lar  fibres  of  the  iris  are  not  wholly  deprived 
of  their  contractile  power,  but  greatly 
weakened,  the  pupil  in  a  dark  place  will 
have  its  edges  a  little  retraced  by  the  aCtion 
of  the  longitudinal  fibres,  and  in  a  bright 
light  will  be  fomewhat  lefTened  by  the  con- 
traction of  the  circular  ones ;  but  thefe  mo- 
X  tions 
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tions  will  be  much  moVe  mconfiderable  than 
in  a  found  eye. 

In  all  the  cafes  now  Mentioned,  the  dif- 
eafe  called  by  Hippocrates ,  and  others  among 
the  ancients,  $)tii>to&*ice>  will  happen,  i.  e.  the 
patient  will  fee  in  the  day-time,  but  in  the 
twilight  and  night- feafon,  he  will  not  be 
able  to  diftinguifh  objetfts.  An  in  fiance  of 
this  I  had  lately  occafioii  to  fee  in  a  young 
man  of  about  27  years  of  age,  who  had 
ferved  for  fome  time  in  the  navy,  where  he 
had  been  expofed  to  much  fatigue  and  cold : 
his  eyes  appeared  found  ;  nor  could  I  ob- 
ferve  that  they  differed  from  the  eyes  of 
other  people,  excepting  that  the  pupil  had 
very  little  motion :  it  remained  always  pretty 
narrow,  and  was  neither  remarkably  con- 
tracted by  light,  nor  dilated  in  the  dark. 
This  perfon  faw  well  enough  in  the  day- 
time, efpecially  if  the  weather  was  Serene ; 
but  in  the  twilight,  or  in  an  'obfcure  place, 
was  fo  far  from  diftinguifbing  obje&s,  that 
he  could  fcarcely  find  his  way  :  as  his 
pupil  had  fome  motion,  it  is  probable,  that 
the  fibres  of  the  ins  were  not  quite  paralytic, 
though  greatly  debilitated;    his  feeing  in 

the 
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the  day-time  fhewed,  that  the  retina  was 
either  wholly,  or  in  a  great  meafure,  found  ; 
and  that  his  blindnefs  in  a  faint  light,  was 
owing  to  the  pupil's  not  being  dilated  fo  as 
to  admit  a  fufficient  quantity  of  rays  into 
the  eye. 

If?  after  an  inflammation  of  the  iris,  a 
rigidity  is  left  on  its  circular  or  longitudi- 
nal fibres,  the  pupil  will  be  deprived,  either 
wholly,  or  in  a  great  meafure,  of  its  ufual 
motions  -f  and  may  be  either  too  much  con- 
tracted, or  greatly  dilated  :  if  the  former, 
the  patient  will  only  fee  well  by  day ;  if  the 
latter,  the  eye  will  not  be  able  to  bear  a 
bright  light,  and  therefore  the  patient  will 
fee  beft  in  the  fhade  and  by  candle  light  ; 
i.  e.  he  will  labour  under  the  difeafe  called 

Although  in  an  amaurofis  the  pupil  is 
generally  very  wide,  yet  this  is  not  always 
the  cafe ;  for  as  often  as  the  fibres  of  the 
uvea  are  entirely  deprived  of  their  contractile 
powers,  the  pupil  appears  as  much  or  rather 
more  contracted  than  in  a  found  eye.  Of 
this  I  faw  an  inflance,  not  long  ago,  in  a 
woman  who  was  almoft  totally  blind   of 

both 
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both  eyes,  where  there  was  no  opacity  in  the 
cornea  or  cryftalline  humour,  but  only  a 
want  of  motion  in  both  pupils.  The  pupil 
of  the  right  eye  was  immoveable,  and  al- 
ways as  much  contra&ed  as  it  fhould  have 
been  in  a  moderate  light ;  the  other  was 
dilated,  as  is  ufual  in  a  gutta  ferena>  but 
when  expofed  to  the  light  feemed  to  con- 
tract a  very  little.  By  means  of  this  eye 
fhe  difcerned  light  from  darknefs,  but  could 
not  diftinguifh  obje&s  :  with  the  other  eye 
fhe  faw  nothing. 

In  this  patient  both  eyes  feem  to  have 
been  arTedted  with  a  gutta  ferena;  in  the 
right  eye  the  retina  was  not  only  infenfible, 
but  the  mufcular  fibres  of  the  uvea  mufl 
have  been  quite  paralytic,  whence  the  pupil 
remained  always  moderately  contracted,  as 
Win/low  has  commonly  obferved  it  fome- 
time  after  death  %  In  the  left  eye  the  re- 
tina, though  confiderably  difeafed,  was  not 
wholly  deflkute  of  feeling,  and  the  flbre^ 
of  the  uvea  feem  to  have  been  found  and 
poffeflcd  of  their  ufual  contractile  power. 

Of 

*  Memoirs  acad.  ftiences  1721,  edit.  Svo.  p.  416. 
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Of  the  motions  of  the  mufcles  of  the  internal 


ear. 


AS,  without  the  motions  of  the  pupil, 
the  eye  would  have  been  ill  contrived 
for  vifion  in  different  degrees  of  light,  and 
at  different  diftances ;  fo  the  ear  would  have 
been  unfit  for  hearing  diftin&ly  a  diverfity 
of  founds,    were  not  fome  of  its  parts  ca- 
pable of  various  degrees  of  tenfion.     A  mu- 
fical   chord,   of  a  determinate  length,  and 
tenfion,  can.  only  vibrate  harmonically  with 
one  particular  found ;  if  therefore  there  was 
no   mechanifm,    by   means  of  which  the 
membranes  of  the  tympanum   and  feneflra 
ovalis  could  be  more  or  lefs  ftretched  or  re- 
laxed,  they  could  only  be  harmonically  af- 
fected by  one  found  ;  which,  therefore,  alone 
would  be  heard   diftin&ly,    and  all  others 
more  Or  lefs  confufedly.     To  prevent   this 
inconveniency,  the  malleus  is  furnifhed  with 
three  mufcles,  and  the  Jlapes  with  one ;  by 
the    various   contractions   of    the   former, 
the  membrane  of  the  tympanum,    and  by 
means  of  the  latter,   the  membrane  of  the 

feneflra 
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fenejlra  ovatis,  is  rendered  more  or  lefs  tenfe, 
md  fo  accommodated  to  almoft  all  poffible 
founds. 

It  may  well  appear  wonderful,  how  the 
ears  ihouid  be  To  exadtly  adapted  by  the  va- 
rious contractions  of  thefe  mufcles,  to  fqcfy 
a  vaft  variety  of  founds ;  but  with  what  ex- 
quifite  {kill  and  amazing  wifdom,   is  every 

thing  in  the  animal  frame  adjufted ! — ^ 

As  thsjiimulus  of  light  upon  the  retina,  and 
the  fenfation  of  indiftin&nefs  in  near  ob, 
jects,  excite  the  mine)  to  contract  the  pupil, 
fo  the  lefs  diftind:  tremor  of  different  founds, 
affecting  the  auditory  nerves,  is  the  caufe 
of  the  fubfequent  contractions  of  the  mus- 
cles of  the  internal  ear  ;  for  no  fooner  does 
the  rmn4  perceive  the  f]rft  indiftindt  noife 
of  any  found,  but  it  inftantly  contracts 
fome  of  the  above  mufcles,  fo  as  mpft  nicely 
to  adapt  to  it  the  membranes  of  the  tym- 
panum and  fenejlra  ovalh:  if  the  foupd  be 
acute,  thefe  membranes  are  juft  as  much 
ftrerched  as  is  neceiTary  for  their  vibrating 
harmonically  with  it;  if  it  be  flat,  they  are. 
duly  relaxed:  and  thus,  by  a  moft  fimple 
mechanifm,  the  ear  is  rendered  fenfible  of 

the 
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the  (mailed  variations  of  found  or  difference 
of  notes  in  mufick.  As  infants  feem,  by 
habit,  to  acquire  a  Faculty,  or  at  leaft  a 
greater  dexterity  of  adjufting  their  eyes,  by 
Ae  motions  of  the  pupil  and  cryftalline  hu- 
mour, to  the  various  distances  of  objects,  fo 
it  is  not  altogether  improbable,  that  they 
may  at  firft  hear  lefs  difti nelly,  till,  by  de- 
grees, they  come  to  acquire  a  power  of 
readily  accommodating  their  ears  more  ex- 
actly to  different  founds.  And  is  not  ttoe 
want  of  an  ear  (is  Tt  is  ufually  called)  ow- 
ing to  a  deficiency  of  this  power* '?  White 
that  exquifite  difcernment  of  mufical  founds, 
which  many  pofTefs,  (hews,  that  they  caii 
adjuft  their  ears  to  different  notes  with  the 
greateft  accuracy. 

That  the  motions  of  the  mufcles  of  the 
internal  ear  proceed  from  the  mechanical 
adion  of  found  or  vibrating  air  on  their 
•fibres,  the  analogy  of  the  motions  of  the 
pupil  forbids  us  to  believe.  Farther,  if  ttiis 
was  the  cafe,  why  mould  not  all  the  mufcles 

of 

*  This  may  arife  either  from  a  lefs  degree  of  fenfibility  in 
the  auditory  nerves,  or  of  agility  in  the  mufcles  of  the  *ar,  c 
from  both. 
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of  the  malleus  be  equally  contracted  by  the 
fame  found  ?    And  why  Ihould  thofe  which 
ferve  to  ftretch  the  membrane  of  the  drum, 
be   excited   into  motion  by  acute  founds, 
while  the  m-ufcle  which  relaxes  it,  is  only 
brought  into  acSHon  by  grave  ones  ?  — As 
brute  animals  upon  the  firft  perception  of 
any  noife,   turn  their  external  ears  towards 
the  place  from. whence  it  comes,  fo,  at  the 
fame  time,   they  adapt  their  internal  ear  to 
it ;  the  firft  of  thefe  motions  cannot  be  de- 
nied  to  flow  from  their  fentient  principle 
a&uated  by  the  found ;  why  then  fhould  we 
doubt  that   the  latter  proceeds  from  the 
fame  caufe  ? 

Th  e  motions  of  the  mufcles  of  the  inter- 
nal ear  in  confequence  of  various  founds, 
are  not  only  unattended  with  any  con- 
fcioufnefs  of  volition,  but  are  altogether 
involuntary,  for  we  cannot  move  them  ex- 
cept when  found  ftrikes  the  ear,  nor  hinder 
them  to  act  when  it  does. 

SECT- 
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SECT.     VIII. 

Of  the  alternate   motions   of  refpiration. 

REspiration  is  that  action  whereby 
a  certain  quantity  of  air  is  alternately 
received  into  the  lungs  and  expelled  out  of 
them  :  it  confifts  of  infpiration  and  expira- 
tion. Infpiration,  or  the  reception  of  air 
into  the  lungs,  is  owing  to  the  contraction 
of  the  inter coflal  mufcles  and  diaphragm , 
whereby  the  cavity  of  the  thorax  is  both 
lengthened  and  widened  ;  for  as  the  lungs, 
together  with  the  heart,  &c.  perfectly  fill  the 
cavity  of  the  breaft,  and  as  their  exterior 
furface  is  every  where  contiguous  to  the 
pleura  and  diaphragm  *,  it  neceflarily  follows, 
Y  that 

*  Some  authors,  I  know,  contend,  that  the  lungs  are  not 
contiguous  to  the  pleura,  and  that,  in  the  fpace  between 
them,  there  is  contained,  what  they  call  internal  air,  the  ufe 
of  which  in  refpifation,  they  are  at  great  pains  to  (hew  ;  but 
the  arguments,  upon  which  this  opinion  is  founded,  are  no 
ways  conclufive,  and  might  be  eafily  refuted,  were  it  not 
foreign  to  our  prefent  defign  ;  nor  is  the  authority  of  the  ac- 
curate Morgagni  here  of  any  weight  \ ,  lince  the  belt  Anatomift 

may 

f  Adverfar.  anat.  j.  animadver.  33.  p.  46, 
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that  when  the  diaphragm,  by  its  contraction, 
defcends,  and  the  ribs,  by  the  action  of  the 
intercoftal  mufcles,  are  raifed,  the  lungs  matt 
follow  them,  and  confequently  the  external 
air  mufl  rufh  in  by  the  glottis,  to  fill  the  va- 
cuity that  would  otherwife  happen  in  the 
cavity  of  the  cheft. 

Inspiration  being  thus  performed,  the 
Infpiratory  mufcles^are  relaxed,  upon  which 
the  ribs  by  the  renitency  of  their  elaftie 
cartilages  return  to  their  former  fituation, 
arid  the  diaphragm,  by  the  reaction  of  the 
firetched  peritonceum,  pericardium,  and  ab- 
dominal mufcles,  is  pufhed  up  into  the 
thorax  ;  whofe  cafity  being  therefore  dimi- 
nifhed,  the  air  contained  in  it,  mull  be  ex- 
pelled by  the  glottis  *■. 

In 

may  be  deceived  in  making  a  fingle  experiment,  and  fince  we 
have  the  repeated  experiments  of  fome  of  the  greateft  Ana- 
tomifts  againft  him  ;  nay  in  every  dead  body,  where  the  in- 
teguments and  intercoftal  mufcles  are  carefully  taken  on^  the 
lungs  may  be  feen  contiguous  to  the  pleura, 

*  While  the  cavity  of  the  thorax  is  leilened  by  the  caufes 
here  mentioned,  the  mufcular  fibres  of  bronchia,  by  their 
contractile  power,  contribute  to  the  expuliion  of  the  air  out 
of  the  lungs. 
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In  order  to  account  then  for  the  alternate 
motions  of  refpiration,  it  is  only  neceffary 
to  (hew,  why  the  intercoflal  mufcles  and 
diaphragm  are  alternately  contracted,  and 
relaxed,  fince  their  contraction  occafions  in- 
fpiration,  and  their  relaxation  allows  the 
elaftic  force  of  the  cartilages  of  the  ribs,  &c. 
to  produce  expiration  *.  But  as  Mr.  Ere- 
mond  has,  in  the  memotres  of  the  acad.  of 
jciences  for  1739,  favoured  us  with  a  fet  of 
pretty  extraordinary  experiments,  which,  he 
thinks,  clearly  prove,  that  the  lungs  are  not 
paffive  in  the  affair  of  refpiration,  but  are 
endued  with  a  power  of  dilating  and  con- 
tracting themfelves,  independent  of  the  mo- 
tions of  the  thorax ;  it  will  be  neceffary, 
before  we  proceed  any  further,  to  (hew,  how 
far  this  ineenious  Gentleman  has  been  de- 
ceived  ;    and  that  the  lungs  have  really  no 

proper 

*  If  any  one  doubts  of  both  rows  of  intercoflal  mufcles 
confpiring  to  pull  up  the  ribs,  he  need  only  compare  what 
Win/low  has  faid  on  this  head  (anat.  feci.  ?.  N°  1057,  1058, 
1059.)  with  the  courfe  and  direction  of  thefe  mufcles  in  a 
frefti  fubjeft,  or  if  that  cannot  be  had,  with  the  elegant  figures 
of  them  publifhed  by  Dr.  Hoadly  at  the  end  of  his  lectures 
pn  refpiration. 
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proper  alternate  motion  of  their  own,  but 
follow  the  motions  of  the  cheO. 

Of  the  experiments  related  by  Mr.  Bremond, 
the  following  are  the  mod  remarkable. 

i.  After  a  wound  made  in  the  thorax  of 
a  dog,  the  lungs,  inftead  of  collapilng,  con- 
tinued to  be  contracted  and  dilated  alter- 
nately, but  their  motions  were  afynchronous 
to  thofe  of  the  thorax  ;  for  when  the  ribs 
were  deprefled,  a  ftriall  portion  of  the  lungs 
was  thruft  out  at  the  wound  with  a  confi- 
derable  force  *. 

2.  After  making  an  opening  in  the 
breaft,  and  breaking  four  or  five  of  the  ribs, 
the  lungs  continued  for  fome  time  to  be  al- 
ternately expanded  and  contracted  ;  and 
iffued,  always,  out  at  the  wound,  when  the 
Thorax  collapfed  f . 

3.  After  three  ligatures  were  made 
upon  the  trachea  of  a  dog,  and  the  thorax 
was  opened,   the  alternate  motions  of  the 

lungs 

*  Memoires  acad.  des  fciences  1739,  e^*t*  ^vo*    P*  Q&h 
*nd  465.  f  Ibid.    p.  464.  and  465. 
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lungs  were  obferved  to  go  on  very  brifkly  ; 
but  they  appeared  to  be  dilated,  and  iffued 
out  at  the  wound  when  the  cheft  was  con^ 
traded,  and  vice  verfa  % 

However  difficult  it  may  be  thought, 
at  firft  fight,  to  account  for  the  appearances 
in  thefe  experiments,  yet  it  is  eafy  to  fhew, 
that  the  lungs  cannot  poflibly  be  endued 
with  a  power  of  expanding  themfelves,  in-^ 
dependent  of  the  dilatation  of  the  thorax, 
as  Mr.  Bremond  feems  to  think,  after  Plate- 
rusy  Sennerttts,  and  others,  who  in  this  fol- 
lowed the  doctrine  of  the  Arabian  phyG.cid.ns. 

As  the  lungs  are  compofed  of  an  infinite 
number  of  veficles  and  cellular  interftices  f, 
which  are  partly  made  up  of  elaftic  con- 
tractile fibres,  'tis  eafy  to  perceive  that  when 
difl.ended  with  air,  they  mult  endeavour  to 
reduce  themfelves  to  their  former  bulk ;  but, 
fuppofmg  the  veficles  of  the  lungs  empty  and 

collapfed, 

*  Memoires  acad.  des  fciences,  p.  468. 

f  The  reader  may  eafily  Tee,  that  our  reafpning  here  is  cf 
.equal  force,  whether  the  lungs  are  fuppofed  entirely  cellular, 
With  Helvetiuj  *.  or  partly  veficular  partly  cellular,  with  Win- 

*  TV* '.moires  acad.  des  fciences  171 7,  edit.  8vo.  p.  30.  31.  &c, 
f  Anatomic,  feft.  ix.  No.  105.  lotf.  107.; 
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collapfed,  by  what  mcchanifm  can  they 
expand  themfelves,  or  where  are  the  anta- 
gonift  mufcles  that  can  overcome  the  natu- 
ral contraction  of  their  fibres  ?  All  the  hol- 
low mufcles  of  animals  are  continually  en- 
deavouring to  contract,  nor  can  they  be  di- 
lated by  any  mechanifm  of  their  own :  thus 
the  bladder  of  urine,  which  may  aptly  e- 
nough  be  compared  to  a  fingle  veficle  of  the 
lungs,  fpontaneoufly  contracts  itfelf,  when 
the  urine  is  evacuated,  and  would  for  ever 
remain  in  this  ftate,  were  it  not  dilated  by 
the  urine  following  anew  into  it.  In  the 
fame' manner  the  ftomach  and  inteftines, 
which  are  hollow  mufcles,  have  nothing 
in  their  ftmcture  by  which  they  can  expand 
themfelves:  they  are  ever  endeavouring  to 
arrive  at  their  leaft  capacity,  and  are  only 
prevented  by  the  aliment,  air,  and  other 
fluids  contained  in  them.  It  follows,  there- 
fore, that  the  pulmonary  veficles  and  cells, 
v/hich  are  compofed  of  elaftic  contractile 
fibres,  cannot  poffibly  be  dilated  by  any 
power  or  action  of  their  own. 

But  further,  if  Mr  Bremoud's  experiments 
prove  any  thing,   the  lungs  have  not   only 
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a  power  of  infpiring  air  by  the  trachea  ;  but, 
although  this  fluid  is  denied  its  ufual  accefs 
by  the  glottis,  can  expand  themfelves  alter- 
nately, notwithstanding  the  preflure  of  the 
atmofphere  upon  their  external  furface  re- 
filling fuch  expanfion ;  which  is  much  the 
fame  as  if  one  lhould  affirm,  that  a  bladder 
perfectly  empty,  with  a  tight  ligature  about 
its  neck,  could,  by  its  own  proper  power, 
fwell  and  overcome  the  preflure  of  the  ex- 
ternal air. 

Having  fhewn  that  the  lungs  cannot 
podibly  be  endued  with  a  power  of  expand- 
ing themfelves,  it  remains,  that  we  now 
inquire,  to  what  caufes  their  apparent  mo- 
tions, in  Bremond's  experiments,  were  owing. 

In  the  two  firft  experiments  above  men- 
tioned, when  the  cavity  of  the  thorax  was 
enlarged  ,by  the  action  of  the  infpiratorv 
mufcles,  a  fmall  portion  of  air  would  be  re- 
ceived by  the  glottis  into  the  lungs  of  the 
wounded  fide :  but  as  this  could  bear  no 
greater  proportion  to  the  air  entering  by 
the  wound,  than  the  aperture  of  the  glottis 
did  to  this  opening,  the  ribs  would  at  that 

time 
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time  recede  from  the  lungs,  which  there- 
fore would  feem  to  fubfide.- — When  the 
thorax  collapfed,  the  air  contained  betwixt 
the  ribs  and  the  furface  of  the  lungs  efca- 
ping  by  the  wound,  the  lungs  would  foon 
become  contiguous  to  the  ribs,  and  even 
part  of  them  would  be  pufhed  out  at  the 
opening,  not  only  on  account  of  the  con- 
vullive  contraction  of  the  thorax  fqueezing 
the  lungs  much  more  than  in  ordinary  ex- 
piration, but  partly  from  the  fmall  quanti- 
ty of  air  received  by  the  glottis  during  the 
former  infpiration,  and  not  yet  wholly  ex- 
pelled, which  being  rarified  by  the  heat  of 
the  lungs,  muft  confiderably  increafe  their 
bulk. 

Th  e  apparent  contraction  therefore  of  the 
lungs,  when  the  dogs  endeavoured  to  in- 
fpire,  remarked  by  Brcmond  in  his  experi- 
ments, is  wholly  to  be  afcribed  to  the  en- 
largement of  the  thorax,,  which  at  this  time 
rifes  from  the  anterior  furface  of  the  lungs ; 
while  they,  following  the  diaphragm  now 
ftrongly  drawn  down  towards  the  abdomen, 
really  recede  from  ih.ejlernunu  And  if,  du- 
ring expiration,  upon  the  ribs  being  dcpref- 

fed 
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fed,    and     the   diaphragm    being  forcibly 
thruft  up  into  the  cavity  of  the  breaft,    by 
the  ftrong  convulfion  of  the  abdominal  muf- 
cles,   the  lungs  really  appeared  to  fwell,  and 
fome  portion  of  them  was  even  forced  out 
at  the  aperture  made   in   the   thorax ;  yet 
this  ought  not  to  be  attributed  to  an  expan- 
fion  of  the  lungs  happening    at   this  time, 
but  rather  to  the  fubfiding  of  the   ribs  and 
the  protrufion  of  the   diaphragm  into  the 
cheft,  whofe  cavity  being   therefore  greatly 
diminifhed,  the  lungs  (in  fome  degree   in- 
flated)  not  only  fill  it,  but  being  preffed  on 
all  fides,  are  thruft  out  at  the  wound,  Where 
there  is  lead  refiftance  *  as  foft  clay,   leaven 
or  fuch  like  fubftances    when  ftrongly  fquee- 
zed  in  the  hand,    are   forced    through    the 
interflices  between  the  fingers. 

Bur  further,  while  the  thorax  is  wounded, 
only  on  one  fide,  the  lung  of  the  other 
fide  continues  to  follow  the  motions  of  the 
cheft  as  ulual,  and  to  be  alternately  inflated 
with  air  riifhing  into  it  by  the  glottis  # : 
when  therefore,  during  expiration,  the  air 
is  forcibly  expelled  out  of  this  lung,  altho* 
Z  the 

*  Eightmri  difquilk.  atvatorti,  p«  188 
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the  greateft  fhare  of  it  efcapes  by  the  glottis, 
yet,  fmce  fluids  prefs  equally  every  way, 
fome  part  muft  enter  the  large  branches 
of  the  trachea  which  belong  to  the  lung  of 
the  wounded  fide,  and  confequently  dilate 
it  ;  and  this  the  more  remarkably,  as  the 
animal  in  howling  contracts  its  glottis  more 
or  lefs,  and  fo  renders  the  egrefs  of  the  air 
through  it  more  difficult  \  hence,  during 
expiration,  this  lung  will  appear  to  fwell 
confiderably,  and  part  of  it  will  be  pufhed 
out  at  the  opening  in  the  thorax,  not  only 
as  its  cavity  is  at  this  time  greatly  leflened, 
but  as  the  lung  itfelf  is  really  in  fome  de- 
gree inflated  :  'tis  plain  however,  that  even 
this  inflation  is  owing  to  the  contraction  of 
the  thorax  forcing  the  air  out  of  the  lung 
of  the  found  fide. 

This  is  further  confirmed  by  an  obferva- 
tion  of  Dr.  Houflon,  who  tells  us,  that  when 
the  dog  howled,  his  lungs  burft  out  at  the 
wound,  but  when  he  was  filent,  they  reti- 
red within  the  thorax  * ;  and  feems  to  be 
put  beyond  doubt,  even  by  an  experiment 
of  Bremond's  own  making,    in  which  aItho\ 

after 

*  Philofophical  Tranfactions  abridged,  vol.  9.  p.  141. 
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after  making  an  opening  into  one  fide  of  ( he 
thorax,  and  breaking  three  or  four  ribs,  the 
lungs  were  pufhed  out  at  the  wound,  every 
time  the  breaft  was  contracted;  yet,  as  foon 
as  the  anterior  part  of  the  thorax  and  fter- 
mim  were  raifed,  and  both  fides  of  the  bread 
thus  laid  open,  the  lungs  inftantly  collapied, 
and  remained  fo  without  any  motion,  not- 
withftanding  the  heart,  ribs  and  diaphragm 
continued  their  alternate  motions  for  forne 
time  *. 

Dr.  Highmore,  who  fpeaks  of  the  number 
of  his  experiments  made  upon  dogs,  in  or- 
der to  fatisfy  himfelf  concerning  the  manner 
in  which  refpiration  is  performed,  as  having 
almofl  threatened  the  entire  deftruction  of 
that  fpecies  of  animals,  obferves,  that  when 
both  fides  of  the  thorax  had  large  wounds 
made  in  them  at  once,  the  lungs  always 
collapfed  f  :  nay  there  is  not  one  of  the 
many  experiments  related  by  Bremond  him- 
felf, in  which  the  lungs  were  pufhed  out  of 
the  thorax,  when  both  fides  of  it  were  opened. 

It 

*  Memoires  acad,  dcs  fciences,  1739,  edit.  8vo.  p.  464. 
•j-  DifyuHit.  anatom.  p.  188. 
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It  mull  be  owned  indeed,   that,   in  two 
experiments  of  the  Baron  Van  Swieten, ,' the 
lungs  did  not  collapfe,  after  both  fides  of  the 
thorax  were  perforated,   but  were  protruded 
through  the  apertures,    during  expiration*. 
However,   it  is  to   he    obferved,    that   the 
wounds  feem  to  have  been  but  fmall;  fince 
he  afterwards  adds,  that  when    the  opening 
in  each  fide  of  the  thorax  parallel  to   the 
ribs,  was  half  an  inch  or   more  in   length* 
the  animals  quickly  died.     Further,    while 
the  animals  lav  quiet,  the  lungs  kept  with- 
in the  cavity  of  the  breaft,   and  were  only 
thruft  out  of  the  wounds,  when,  on  account 
of  pain,  they  rriade  great  efforts ;  and  fince 
in  ftraining,  or  any  violent  motion   of  our 
mufcles,  we  always  contract  the  glottis,  and 
retain  the  infpired  air  in   the   thorax,  it    is 
more  than  probable,  that  the  eruption   of 
the  lungs  through  the  wounds,    in   expira- 
tion, was  owing   to  the  air  being  retained 
in  them  while  the  thorax  collapfed.     Laft- 
ly,  the  Baron  Van  Swieten   obferved,  that 
during  infpiration  the  orifices  of  the  wounds 
became  lefs  patent,  by  the  ribs  being  drawn 

nearer 

f  Commeat.  in.  Boerhaav.  aphor.  torn.  i0  p.  271, 
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nearer  one  another,  fo  that  a  lefs  quantity 
of  air  would  enter  by  them,  and  a  greater 
proportion  by  the  glottis :  hence  the  lungs 
did  not  collapfe  ;  as  always  happened  in 
Higbmore's  experiments,  when  very  large 
openings  were  made  at  the  fame  time  in 
both  fides  of  the  thorax  ;  but  when  a  hol- 
low tube,  whofe  aperture  greatly  exceeded 
that  of  the  glottis,  was  introduced  into  the 
wound  of  each  fide,  the  lungs  inflantly  fub- 
fided,  refpiration  ceafed,  the  voice  failed, 
and  the  dog  feemed  to  die  *. 

With  regard  to  the  phenomena,  in  expe- 
riment 3d  above  mentioned,  it  ought  to  be 
obferved,  that  the  lungs  in  a  natural  ftate, 
equally  fill  the  cavity  of  the  thorax  in  infpi- 
ration  and  expiration  ;  if  therefore  we  fup- 
pofe  the  lungs  to  have  been  in  a  middle  ftate 
of  diftenfion,  when  Mr.  Bremond  made  his 
ligatures   on   the  trachea,  their  bulk  muft 
have  been  considerably  lefs  than  the  cavity 
of  the  thorax  when  mofl   enlarged,  but   at 
the  fame  time  greater  than  this  cavity  when 
the   cheft  is  violently  contra&ed:  fo   that 
we  ought  not  to  be  furprifed,  if,  upon  the 

elevation 

?  Coninientar.  in  aphorifm.  Boerhaav .  torn.  I.  p.  271. 
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elevation  of  the  ribs  and  depreffion  of  the 
diaphragm  in  infpiration,  the  lungs  appear- 
ed to  fubfide,  and  no  longer  filled  the  tho- 
rax, or  if,  upon  the  conftriction  of  the  bread 
in  expiration,  they  feemed  to  fwell,  and 
part  of  them  was  pufhed  out  at  the  wound. 

But  though  we  fuppofe  the  trachea  to 
have  been  tied  during  infpiration,  yet  fince 
Bremond  found,  notwithstanding  the  liga- 
tures, that  after  the  dog's  death,  a  frnall 
quantity  of  air  blown  forcibly  through  the 
trachea  paffed  into  the  lungs,  it  is  not  im- 
probable that  the  diaphragm  and  ribs 
ftrongly  fqueezing  the  lungs  in  expiration, 
had  forced  out  part  of  the  air  contained  in 
them  through  the  wind-pipe,  fo  as  to  have 
reduced  them  to  a  moderate  itate  of  expan- 
fion. 

Lastly,  if  we  fhould  fuppofe  the  liga- 
tures to  have  been  made  even  about  the 
end  of  expiration,  yet  the  air  remaining  in 
the  lungs,  being  rarified  by  their  heat, 
would  foon  increafe  their  bulk  to  fuch  a 
degree,  as  that,  when  the  thorax  was  great- 
ly contracted,  part  of  them  mufl  neceffari- 
ly  be  pufhed  out  at  the  wound.     Perhaps 

alfo, 
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alfo,  during  the  enlargement  of  the  thorax, 
afmall  quantity  of  air  might,  notwithftand- 
ing  the  ligatures,  be  received  by  the  trachea 
into  the  lung  of  the  found  fide,  which,  up- 
on expiration,  would  be  chiefly  pufhed  into 
the  lan^  of  the  wounded  fide,  fince  its  e- 
grefs  by  the  glottis  would  be  very  difficult, 
on  account  of  the  ligatures  on  the  trachea. 
That  the  apparent  motions  of  the  lungs 
in  the  above  experiments  of  Bremond,  were, 
in  fad,  chiefly  owing  to  the  motions  of  the 
thorax,  particularly  to  the  alternate  depref- 
fion  and  afcent  of  the  diaphragm,  an  expe- 
riment related  by  this  writer  himfelf  muft 
convince  us ;  for  we  are  informed  by  him, 
that  the  abdomen  of  a  living  dog,  being  laid 
open,  and  a  hole  made  in  the  flefhy  part  of 
the  diaphragm  on  the  left  fide,  the  lung  of 
this  fide  inilantly  collapfed,  and  remained 
without  any  motion,  although  the  thorax 
continued  to  be  alternatelv  dilated  and  con- 
traded  for  a  considerable  time*.  Now, 
if  the  lungs  were  endued  with  a  power  of 
expanding  and  contracting  themfelves,  why 
did  the  lung  of  that  fide,  where  the  dia- 
phragm 

*  Memoires  acad,  des  faiences,  1739,  edit.  8vo,  p.  471. 
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phragm   was   perforated,    immediately  col- 
lapfe  and  ceafe  to  move  ?  Befides,  does  not 
this  experiment   (hew,    that  the    apparent 
motions  of  the  lungs,  and   their  egrefs  by 
the  wounds,  were  chiefly  owing  to  their  be- 
ing  alternately  pufhed  up  into   the  cavity 
of  the  thorax,  when   the  diaphragm  was  re- 
laxed ?  That  the  afcent  of  this  mufcle  into 
the  cheft,  by  the  convuhive   contra&ion   of 
th£  abdominal  mufcles,  efpecially  when  the 
dogs  attempt   to  howl,  contributes   much 
more  to  the  apparent  fwelling  of  the  longs 
and  their  iffiiing  out  of  the  thorax   during 
expiration,   than  the  falling  of  the  ribs,  is 
evident  from  another  experiment  of  Bremond, 
who  obferved  thefe  motions  of  the  lungs  to 
continue,  although,  with  his  hands,  he  for- 
cibly hindered  the  ribs  of  the  wounded  fide 
from  moving,  and  confequently  from  preP 
ling  the  lungs  alternately  *. 

Bremond  always  obferved,  that  when  the 
ribs  were  elevated,  the  lungs  appeared  red, 
but  became  paler  when  the  cavity  of  the 
breaft  was  diminifhed  f.     The  lungs  being 

no 


•  Memoires  acad.  des  fcicnccs   1739;  P»  482- 
\  Ibid.  p.  483, 
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no  longer  prefled  while  the  thorax  was  en- 
larged, admitted  the  blood  from  the  right 
ventricle  of  the  heart  more  readily  into  all 
their  vefTels  ;  but  being  ftrongly  compreffed 
by  the  afcent  of  the  diaphragm  and  depref- 
fion  of  the  ribs,  this  blood  mu  ft  in  part  be  ex- 
pelled; when  of  courfe  they  become  paler. 
What  has  been  faid  above,  may  ferve 
alfo  to  (hew  how  far  Mr.  Herijjant  is  mifta- 
ken,  when,  from  fome  experiments  of  a  like 
nature  with  thofe  of  Bremond,  he  concludes, 
that  the  apparent  alternate  dilatation  and 
contraction  of  the  lungs  in  animals  whofe 
thorax  is  laid  open,  is  owing,  folely,  to  the 
blood  pufhed  into  the  pulmonary  artery  by 
the  right  ventricle  of  the  heart,  which,  by 
dilating  and  unfolding  all  its  branches  and 
ramifications,  mud  make  the  whole  fub- 
flance  of  the  lungs  fwell,  and  caufe  the  air 
to  rufh  into  their  veficles  by  the  glottis  *. — , 
If  this  account  of  the  matter  were  juft,  the 
alternate  fwelling  and  falling  of  the  lungs 
would  be  very  inconfiderable,  and  ought  to 
correfpond  with  the  contraction  and  dilata- 
tion of  the  heart ;  which  however  is  not  the 

A  a  cafe. 

*  Hiftoire  acad.  des  fciences  1743,  edit,  8vo.  p.  103. 
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cafe.  Befides,  it  ought  not  to  be  obferved 
at  all,  when  the  palTage  of  the  air  into  the 
veflcles  of  the  lungs  is  obftru&ed  by  liga- 
tures made  on  the  trachea,  contrary  to  what 
happened  in  Bremond's  experiments. 

Thus  much  being premifed,  tofhewthat 
the  lungs  have  not  properly  'any  inherent 
power  by  which  they  can  alternately  contract 
and  dilate  themfelves,  but  that,  in  ordinary 
and  healthful  refpiration,  they  always  fol- 
low the  motions  of  the  thorax,  we  proceed 
next  to  inquire,  by  what  power  or  mecha- 
nifm,  infpiration  and  expiration  alternately 
fucceed  each  other,  or  why  the  intercoftal 
rnufcles  and  diaphragm  are  contracted  and 
relaxed  by  turns,  as  long  as  life  remains. 

The  learned  Boerhaave,  in  order  to  ac- 
count for  the  alternate  motions  of  the  tho- 
rax in  refpiration,  fuppofes,  that,  at  the 
end  of  infpiration,  the  blood  is  tranfmitted 
in  fmaller  quantity  to  the  left  ventricle  of 
the  heart,  fince  the  pulmonary  veffels  mufl 
be  confiderably  compreiTed  by  the  lungs, 
which,  at  that  time,  are  greatly  diftended 
with  air :  hence  he  conceives,  that  not  on- 
ly lefs  blood  will  be  diftributed  to  the  inter- 
coftal 
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coftal  mufcles  and  diaphragm,  but,  alfo,  that 
the  influence  of  their  nerves    muft  be  wea- 
kened ;  as  the  fecretion  of  the  fpirits  in  the 
cerebellum  muft  be  diminifhed,  when  a  fmall- 
er  quantity  of  blood  is  pufhed  into  its  vef- 
fels  by   the  heart  :    the   caufes,    therefore, 
which  are  fiippofed  to  contract  the  infpira- 
tory   mufcles,  being   weakened  at  the  end 
of  infpii  ation,    thefe  mufcles   will  be  over- 
come by  the  natural  refilition  of  the  elaftic 
cartilages  of  the  ribs,  together  with  the  re- 
action of  the  abdominal  mufcles,  &c.  L  e. 
expiration  muft  neceffarily  follow  ;    but  no 
fooner  does   the   blood,  by  the  motion  of 
the  lungs  in  expiration,  flow  in  a  more  plen^ 
tiful  ftream  to  the  left  ventricle  of  the  heart, 
than   the  caufes   actuating   the  infpiratory 
mufcles  begin  to  be  increafed  ;  whence  thefe 
mufcles  are  contracted   anew,    /.  e,    infpira- 
tion  is  produced,   to   which,    for   the   rea- 
fons  above  mentioned,  expiration  muft  necef- 
farily fucceed  ;   and   in  this  way  the  alter- 
nate motions  of  the  cheft  in  refpiration  are 
carried  on  through  the  whole  of  life  *.  This 
theory,  it  muft   be   owned,  is   very  ingeni- 
ous, and  has  an  air  of  fimplicity  which  can- 
not 

*  Boerhaave  inftitut.  med.  §  619  &  620. 
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not  fail  to  recommend  it ;  but  if  ftridtly  in- 
quired into,  will  be  found  altogether  in- 
efficient to  account  for  the  alternate  mo- 
tions of  the  thorax,  or  to  anfwer  the  ph<eno- 
-mena  of  refpiration.     For, 

x.  If-  at  the  end  of  infpiration  the  interco- 
ftal  mufcles  and  diaphragm  were  relaxed,  on 
account  of  the  fmaller  quantity  of  blood  and 
fpirits  then  diftributed  to  them,  why  fhould 
not  the  heart,  which  alfo  receives  its  nerves 
from  the  cerebellum,  be  affedted  in  the  fame 
way?  If  the  fecretion  of  vital  fpirits  were 
diminifhed,  on  account  of  lefs  blood's  flowing 
from  the  lungs  to  the  left  ventricle  of  the 
heart  at  the  end  of  infpiration,  how  could 
the  pulfe  be  then  equally  ftrong  as  at  the 
end  of  expiration  ?  which  however  is  the 
cafe,  as  far  as  our  fenfe  of  feeling  can  deter- 
mine.    But, 

2.  Although  we  fhould  grant,  that  at 
the  end  of  infpiration  the  blood  flows  in  a 
fmaller  ftream  to  the  left  ventricle  of  the 
heart,  yet  it  will  by  no  means  follow,  that 
the  cerebellum  ,will  ceafe   to  fupply  the    vital 

organs 
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organs  with  fpirits  fufficient  for  their  al- 
ternate motions ;  fince  we  know,  that 
after  both  the  carotid  arteries  have  been 
tied  in  a  dog,  the  motions  of  the  heart  and 
refpiration  went  on  in  the  ordinary  way, 
while  in  the  mean  time  the  cerebrum  and 
cerebellum  were  deprived  of  more  than  one 
half  of  the  blood  ufually  bellowed  upon 
them  % 

3.  After  the  lungs  have  been  kept  for 
fome  confiderable  time  in  a  collapfed  ftate 
by  an  effort  of  the  will,  the  infpiratory  muf- 
cles  are  no  fooner  left  to  themfelves,  than 
immediately  they  contract,  and  produce  a 
new  infpiration  ;  which,  however,  could  not 
poffibly  happen  if  Boerbaave's  theory  was 
true,  fince,  in  this  cafe,  the  blood  muft  flow 
with  more  than  ordinary  difficulty  through 
the  pulmonary  veflels,  and  confequently  the 
caufes  actuating  the  infpiratory  mufcles  muft 
be  greatly  weakened  f . 

But, 

*  Van  Swieten  comment,  in  Boerhaav.  aphor.  vol.  I. 
p.  266. 

t  This  argument  muft  conclude  with  the  greater  force, 
fince  even  Boerhaave  himfelf  allows,  that  the  blood  pafTes 
lefs   freely  through  the   lungs  when  they  are  collapfed  than 

when 


190  Of  the  Vital   and 

But,  4.  Theinfufficiencyof  this  account 
of  refpirarion,  is  demon ftrated  beyond  doubt, 
by  the  experiments  of  Highmore  and  Bre- 
mond,  who  tell  us,  that,  after  both  fides  of 
the  thorax  were  laid  open,  the  diaphragm 
and  intercoflal  mufcles  continued  their  al- 
ternate contra&ions  for  a  long  time  altho' 
the  lungs  were  collapfed  and  without  mo- 
tion *;  Here  we  find  the  motions  of  infpi- 
ration  and  expiration  continued  in  the  tho- 
rax, while  the  lungs  remained  always  in  the 
fame  (late,  and  when  there  was  no  caufe 
which  could  make  the  blood  flow  alter- 
nately through  the  pulmonary  veflels  with 
greater  or  lefs  eafe,  nor  confequently  render 
the  infpiratory  mufcles  alternately  paralytic, 
through  a  defeat  of  blood  and  fpirits. 

5.  Lastly, 

when  they  are  inflated.  *  Pulmone  per  aerem  diftento,  fan- 
u  guini  pulfo  ex  cordis  dextro  thalamo,  latiora  vafa  arteriofa, 
"  et  venofa,  minus  refiftunt,  tranfitum  expediunt;  faciunt 
"  ut  omnis  ille  rapiatur  ea  quam  celerrime  ventriculum 
<l  fmiftrum  verius :  collapfus  idem  vix  per  arteriam  pulmona-t 
*'  lem  impleri  poteft  liquore  impulfo  ;  inflatus  per  vafa 
"  aerifera,  facile  fanguiferorum  impletionem  patitur."  Bcerh. 
inftitut.  med.  §  200.  No  z. 

*  Highmore  difquifit.  anat.   p.  185.   et  Memoires  acad.  des 
(liences  1739,  cc^^*  ^vo.  P»  4^{-*  4^7/  4°^# 
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5.  Lastly,  The  various  phenomena  of 
refpiration,  in  the  air-pump,  difeafes  of  the 
head,  ajlhma,  and  in  melancholy  people,  arc 
not  to  be  accounted  for  from  Boerhaaves 
theory,  and  are  alone  fufficient  to  overturn 
it :  but  of  this  more  afterwards. 

The  late  ingenious  Dr.  Martine,  aware  of 
the  difficulties  attending  Boerhaaveh  account 
of  refpiration,  has  propofed  the  alternate 
comprefHon  of  the  phrenic  nerves  at  the 
end  of  infpiration,  as  the  caufe  which,  at 
that  time,  renders  the  diaphragm  paralytic, 
and  confequently  produces  expiration :  he 
feems  indeed  to  doubt,  whether  the  alter- 
nate preffure  of  the  inflated  lungs  on  the 
pofterior  part  of  the  pleura,  can,  at  the  end 
of  infpiration,  intercept  the  influence  of  the 
nerves  belonging  to  the  intercoftal  mufcles 
which  lie  behind  it :  but  as  the  phrenic 
nerves  run  between  the  lungs  and  pericardi- 
um, and  are  only  covered  by  the  thin  medi- 
aftinum,  he  thinks,  that,  at  the  end  of  infpi- 
ration, when  the  lungs  are  much  diftended 
with  rarified  air,  thefe  nerves  muft  un- 
doubtedly fufFer  fuch  a  remarkable  compref- 
fion,  as  to  render  the  diaphragm  to  which 

they 
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they  are  diftributed  paralytic  *.  But  this 
account  of  the  motions  of  refpiration,  how- 
ever ingenious,  will  be  found  ftill  more  de- 
fective and  lefs  fatisfactory  than  Boerhaave\ 
which  we  have  already  rejected. 

i.  This  account  of  refpiration  muft  at 
beft  be  allowed  to  be  defective,  as  it  does 
not  inform  us  how  the  intercoftal  mufcles 
come  to  be  alternately  contracted,   as  well 

as  the  diaphragm. It  is  by  no  means 

probable,  that  the  nerves  of  the  intercoftal 
mufcles  can  fuffer  any  more  compreflion 
than  ufual  at  the  end  of  infpiration  ;  nor 
would  it  ferve  the  Doctor's  purpofe  to  fup- 
pofe  they  do,  fmce  he  feems  to  agree  with 
thofe  who  are  of  opinion,  that  the  two  or- 
ders of  intercoftal  mufcles  are  antagonizes 
to  one  another,  and  confequently  are  con- 
tracted at  different  times. 

2.  Since  the  Dodtor  allows,  that  during, 
infpiration  the  nerves  become  rather  freer 
from  compreflion,  why  fhould  not  the  dia- 
phragm remain  contracted,  and'eonfequently 
the  lungs  continue  in  their  mod  expanded 

ftate? 

*  Edinburgh  Medical  EfTays,  vol.  i.   art.  12. 
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ftate  ?  He  fays  indeed,  that  the  infpired 
air,  rarified  by  the  heat  of  the  breaft,  and 
not  finding  an  exit  free  or  wide  enough  by 
the  glottis,  will  at  this  time  prefs  more  upon 
the  veficles  and  membranes  of  the  lungs  ; 
which  preffure  muft  be  communicated  to 
the  phrenic  nerves  running  along  the  peri~ 
cardium,  and  which  are  covered  only  by  the 
mediajliniim. 

But  furely  the  rarefa&ion  of  the  infpired 
air  at  the  end  of  infpiration,  is  not  fo  re- 
markable or  fudden,  but  that  it  can  ifTue 
faft  enough  out  by  the  aperture  of  the  glot- 
tis, to  preferve  it  in  cequilibrio  with  the  ex- 
ternal air:  befides,  as  infpiration  does  not 
immediately  follow  expiration,  but  after  a 
fhort  paufe,  ought  not  the  air  contained  in 
the  lungs  at  the  end  of  expiration  to  be  ra- 
rified, and  fo  produce  the  fame  effedt,  by  its 
preffure  upon  the  veficles  of  the  lungs  and 
phrenic  nerves,  as  at  the  end  of  infpiration  ? 
The  Doctor,  it  is  true,  feems  to  have  been 
aware  of  this ;  and  therefore  fuppofes,  that, 
at  the  end  of  expiration,  the  contractile 
fibres  and  membranes  of  the  lungs,  will,  by 
their  reaction,  prevent,  in  fome  meafure, 
B  b  the 
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the  inflating  air  from  pi  effing  with  its  whole 
force  on  the  phrenic  nerves.  But  will  not 
this  hold  equally  true  at  the  end  of  infpi- 
ration  ?  and  will  not  the  elaiiic  fibres  and 
membranes  of  the  lungs  read:  with  much 
greater  force  when  they  are  remarkably 
ftretched  by  infpiration,  than  when  they 
are  confiderably  relaxed  at  the  end  of  ex- 
piration ?  As  the  lungs,  therefore,  both  in 
expiration  and  infpiration,  equally  fill  the 
cavity  of  the  thorax,  the  compreflion  which 
the  phrenic  nerves  fuffer  from  them,  will 
be  pretty  much  the  fame  at  the  end  of  ex- 
piration, as  in  a  ftate  of  full  infpiration  ;  and 
confequently  the  difference  of  this  preffure 
cannot  account  for  the  alternate  motions  of 
the  diaphragm  to  which  they  belong. 

3.  If,  at  the  end  of  infpiration,  the  phre- 
nic nerves  fuffered  fuch  compreflion  from 
the  inflated  lungs,  as  to  render  the  dia- 
phragm paralytic,  how  comes  it  to  pafs, 
that,  after  a  full  infpiration,  we  can,  by  an 
effort  of  the  will,  keep  this  mufcle,  for  a 
confiderable  time,  in  a  ftrong  ftate  of  con- 
traction, and  thus  hinder  expiration  from 
following  infpiration  ? 

4.  Further, 
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4.  Further,  in  one  of  Mr.  Bremond's 
experiments,  where  the  lungs  remained  col- 
lapfed  and  without  motion,  and  confequent- 
ly  where  the  phrenic  nerves  muft  have  been 
expofed  to  an  equal  degree  of  compreffion, 
the  intercoftal  mufcles  and  diaphragm  con- 
tinued to  be  alternately  contracted  and  re- 
laxed for  above  a  quarter  of  an  hour*. 

5.  That  the  motions  of  refpiration  vary- 
according  to  the  quantity  or  quality  of  the 
blood  thrown  into  the  pulmonary  artery,  to 
the  free  or  difficult  paffage  it  meets  with 
in  the  vefTels  of  the  lungs,  and  to  the  heat 
or  coldnefs,  rarity  or  denfity  of  the  air, 
are  circumftances  of  great  truth  and  im- 
portance, but  utterly  inexplicable  upon  this 
theory. 

6.  Lastly,  N°2.  3.  4.  and  5.  of  the 
arguments  mentioned  in  Seel.  II.  to  mew 
that  the  alternate  motions  of  the  heart  can- 
not be  owing  to  the  compreffion  of  the 
nerves,  are  here  of  equal,  yea  of  greater 
force ;  for  the  foft  and  fpungy  lungs  are 
much  lefs  capable,  even  when  inflated,  of 

com-preffing 

*  Memoires  acad.  des  fdences  r 7 39,  p.  468. 
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comprefling  the  nerves,   than  the  firmer  ar- 
teries and  auricles  of  the  heart. 

The  various  opinions  of  other  writers,  I 
fhall  not  flay  to  enumerate,  much  lefs  un- 
dertake to  refute  ;  but  proceed  to  give  an 
account  of  the  motions  of  the  thorax,  which 
it  is  hoped  will  tend  equally  to  explain  the 
appearances  obferved  in  refpiration,  whether 
the  lungs  and  other  inftruments  concerned 
in  it,  be  in  a  natural  or  difeafed  ftate. 

i.  During   infpiration  and  expiration, 
the  blood  finds  an  eafy  paflage  through  the 
veffels  of  the  lungs,   as   by  their  alternate 
inflation  and  contraction,   it  is  prefled  for- 
ward  to  the   left  ventricle  of  the   heart. 
After  infpiration  is  completed,    it  begins  to 
flow  with  more  difficulty ;  and  at  the  end 
of  expiration  (if  infpiration  does  not  foon 
fucceed)  its  motion  is  ftill  lefs  free.     After 
expiration,  therefore,  the  blood,  on  account 
of  its  difficult  paflage  through  the  pulmo- 
nary veffels,  is  partly  accumulated  in  them, 
and,  by  ftretching  their  fenfible   fibres  and 
membranes,  acts  as  zjiimulus  upon  the  pul- 
monic nerves,   occafioning  an  uneafy  fenfe 

of 


other  Involuntary  Motions.       197 

of  fulnefs,  ftoppage,  or  fufFocation  in  the 
breaft,  which  is  more  or  lefs  remarkable,  ac- 
cording to  the  time  during  which  refpira- 
tion  is  ftopt,  the  capacity  of  the  pulmo- 
nary veflels,  and  the  quantity  of  blood 
thrown  into  them  by  the  right  ventricle  of 
the  heart. 

That  a  Jlimuhs  affecting  the  heart  and 
alimentary  canal,  fhould  be  the  caufe  of 
their  alternate  contractions,  as  we  have 
fhewn  above,  is  no  ways  improbable,  the  ir- 
ritating caufe  being  applied  immediately  to 
the  organ  to  be  moved  ;  but  that  the  dia- 
phragm and  intercoftal  mufcles  fhould  be 
brought  into  contraction,  by  a  jlimulns  ac- 
ting upon  the  lungs,  may  at  firft  appear 
fomewhat  extraordinary,  though,  upon  fur- 
ther confideration,  we  may  allure  ourfelves 
of  the  certainty  of  the  fact,  from  the  ftrong- 
eft  and  jufteft  analogy. — Thus,  for  ex- 
ample ;  if  a  few  drops  of  water,  or  any  other 
liquor,  by  an  accident  in  fwallowing,  fall 
into  the  trachea,  the  diaphragm  and  inter- 
coftal mufcles  are  inftantly  brought  into  ac- 
tion, and  continue  to  be  agitated  with  al- 
ternate contractions  and  relaxations,  till  the 

ftimulatingr 
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Simulating  caufe  is  removed. — Again,  if 
a  thin  humour  fecreted  in  too  great  quanti- 
ty, by  the  veflels  and  glands  of  the  bronchia, 
diftills  upon  the  veficles  of  the  lungs,  alter- 
nate convulsions  of  the  diaphragm,  inter- 
coftal  and  abdominal  rnufcles  enfue  ;  which 
are  repeated  over  and  over  again,  till  the 
irritating  caufe  is  lefTened  or  expelled.  —  la 
a  true  peripneumony  alfo,  when,  by  reafon 
of  an  obftru&ion  in  the  pulmonary  arteries, 
the  blood  pafTes  through  the  lungs  with 
great  difficulty,  a  Short  cough  is  almoft  a 
conftant  Symptom.  Is  it  not  therefore  rea- 
fonable  to  infer,  that  a  lefs  remarkable  fti- 
mulus  or  xineafy  fenfation  in  the  veflels  of 
the  lungs,  will  be  followed  by  gentler  con- 
tractions of  the  infpiratory  rnufcles  ? 

After,  expiration  is  finifhed,  the  blood 
beginning  to  be  accumulated  in  the  lungs, 
will,  not  only  by  its  quantity  Stretching 
their  veiTels,  but  alfo  by  its  heat,  occafion 
an  uneafy  fenfation,  that  is,  aft  upon  thefe 
parts  as  zftimulus ;  in  confequence  of  which 
the  diaphragm  and  intercoftal  rnufcles  are 
contracted,  and  infpiration  is  performed  ;  by 
which  the  blood  being  not  only  cooled  by 
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the  external  air,  but  its  paflage  being  alfo 
promoted  towards  the  left  ventricle  of  the 
heart,  the  ftimuhis  or  uneafy  fenfation  ceafes : 
hence  thefe  mufcles  are  relaxed  ;  and  conse- 
quently, by  the  reaction  of  the  cartilages 
of  the  ribs,  and  the  ftretched  abdominal 
mufcles,  &c*  the  cavity  of  the  thorax  is  lef- 
fened,  u  e.  expiration  is  performed  ;  which, 
on  account  of  the  difagreeable  fenfation 
which  begins  to  be  felt  in  the  lungs,  is  foon 
fucceeded  by  a  new  infpiration. 

Although,  in  ordinary  breathing,  we 
are  but  little  fenfible  of  this  uneafinefs,  a- 
rifmg  from  the  difficult  paflage  of  the  blood 
through  the  lungs  after  expiration  is  fiaiflg? 
ed  ;  yet  if  one  attends  to  it,  and  reftrains 
infpiration  for  fome  time,  it  becomes  very 
perceptible:  and  as  in  afthmatic  patients, 
the  laborious  contractions  of  the  inspiratory 
mufcles  are,  beyond  all  queftion,  owing  to 
an  anxiety  and  fenfe  of  fuffocation  in  the 
bread  ;  fo  it  is  highly  reafonable  to  think, 
that  in  healthful  people,  the  gen  tier  fiimuhu 
of  the  warm  blood  accumulated  in  the  pul- 
monary vefTels,  is  the  caufe  of  ordinary  in- 
fpiration. 

Further, 
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Further,  a  variety  of  phenomena  concur 
to  perfuade  us,  that  the  blood  afting  as  a 
zjlimiduson  the  vefTels  of  the  lungs,  after 
expiration,  is  the  Gaufe  of  the  fucceeding 
contraction  of  the  diaphragm  and  interco- 
ftal  mufcles.  Thus  we  obferve,  that  as  the 
blood  flows  in  greater  or  lefs  quantity  through 
the  lungs,  infpiration  and  expiration  more 
quickly  or  flowly  fucceed  each  other.  Hence 
in  a  fmart  fever,  the  breathing  is  much 
quicker  than  in  health  *,  when  one  lies  a- 
bed  ;  and  every  one  knows  how  remark- 
ably both  the  pulfe  and  refpiration  are  acce- 
lerated by  violent  exercife. — though  the 
quantity  of  blood  flowing  through  the 
lungs  remains  the  fame,  yet  if  its  heat  and 
bulk  beincreafed,  refpiration  becomes  more 
frequent :  .  hence  in  bagnios,  and  in  the 
warm  fummer's  air,  we  breathe  oftener,  than 
in  our  common  rooms,  and  in  more  tempe- 
rate 

*  In  fevers,  we  fometimes  meet  with  a  very  quick  pulfe,  while 
yet  the  breathing  feems  to  be  fcarcely  quicker  than  in  health; 
but  in  fuch  cafes,  the  pulfe  is  fmall  and  quick,  and  confe^uent- 
ly  the  quantity  of  the  blood  patting  through  the  lungs  may  be 
very  little  more  than  in  health;  when,  altho'  the  motion  of  the 
heart  be  much  flower,  yet  it  throws  out  more  blood  at  every 
contraclion. 
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rate  feafons.— Again,  when  any  obftrucYion 
happens  in  the  pulmonary  veffels,  which 
renders  the  paffage  of  the  blood  through 
them  more  difficult  than  in  health,  re- 
fpiration  is  more  laborious  and  more  fre- 
quently repeated  :  hence  the  quick  breath- 
ing in  peripneu monies,  and  other  diforders 
confequent  upon  the  lungs  being  obftrufted. 
——If  a  portion  of  the  lungs  be  rendered  ufe- 
lefs,  or  be  wholly  confumed  by  an  ulcer,  the 
patient  is  fhort-breathed  and  fubjeft  to 
afthmatic  fits,  upon  the  leaft  fatigue,  or 
upon  any  increafe'  of  motion  or  rarefaction 
in  the  blood. 

Since  therefore  it  appears,  that  the  mo- 
tions of  refpiration  are,  ceteris  paribus,  al- 
ways proportional  to  the  quantity  of  blood 
thrown  into  the  pulmonary  veffels,  and 
its  eafy  tranflt  through  them,  this  fluid 
ought  undoubtedly  to  be  efteemed  the  caufe 
which  excites,  regulates  and  continues 
thefe  motions :  and  fince  refpiration  is 
more  frequent  and  laborious,  when  a  lefs 
quantity  of  blood  pafles  with  greater  diffi- 
culty through  the  lungs,  than  'hen  a  lar- 
ger flream  flows   through  their  veffels  with 

C  c  more 
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more  eafe  ;  thefe  increafed  motions  of  the 
thorax  cannot  be  owing  to  the  infpiratory 
mufcles  being  more  plentifully  fupplied  with 
blood  and  fpirits,  but  muft  proceed  from 
the  ftimnlus  or  uneafy  fenfation  accompany- 
ing the  difficult  paffage  of  the  blood  thro* 
the  pulmonary  vefTels,  or  its  ftagnation  in 
them.  And  does  not  this  plainly  fhew, 
why  blood-letting  gives  more  fpeedy  relief 
in  fits  of  difficult  breathing,  than  any  other 
remedy  ? 

2.  If  it  be  afked,  how  a  Jlimulus  or  un- 
eafy fenfation  in  the  lungs  can  affedt  the  in- 
fpiratory mufcles,  with  which  they  feem  to 
have  no  immediate  connexion ;  I  anfwer,  It 
were  eafy  to  afcribe  this  effedt  to  a  fympathy 
between  their  nerves ;  a  phrafe  indeed  of- 
tener  ufed  than  well  understood  !  but  as  the 
pulmonic  plexus  has  no  greater  connexion 
or  communication  with  the  phrenic  nerves, 
and  thofe  which  fupply  the  intercoftal  muf- 
cles, than  with  the  nerves  of  the  ftomach, 
inteftines  and  other  abdominal  vifcera,  which 
are  no  ways  affedled  by  the  gentle  fli- 
miilus  of  the  blood  as  it  palfes  through    the 

pulmonary 
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pulmonary  veffels ;  I  think  we  cannot  fairly 
afcribe  the  motions  of  theinfpiratory  mufcles 
to  any  fympathy  proceeding  from  a  con- 
nexion or  communication  between  their 
nerves  and  thofe  of  the  lungs.  Further,  as 
the  nerves  of  the  infpiratory  mufcles  and 
lungs,  mofl  certainly,  do  not  terminate  pre- 
cifely  in  the  fame  part  of  the  brain,  but 
probably  in  places  fomewhat  diflant  from 
each  other,  any  fympathy  that  obtains  be- 
tween them,  as  proceeding  from  one  com- 
mon origin,  muft  be  owing  to  something 
equally  prefent  in  thefe  feveral  places,  j.  e. 
to  the  mind  or  fentient  principle :  for  with- 
out fuppofmg  fome  percipient  being  in  the 
brain,  how  can  an  irritation  of  the  extre- 
mities of  the  nerves,  taking  their  rife  from 
one  part  of  that  organ,  occafion  a  more  than 
ordinary  derivation  of  fpirits  into  fuch. 
nerves  as  have  their  origin  from  a  different 
part  I  If  external  objefls  adl  on  the  nerves 
only,  by  putting  a  flop  to  the  equable"  pro- 
greffion  of  their  fluids,  or  by  exciting  fome 
vibratory  motions  in  them,  how  can  any  of 
thefe  occafion,  not  only  a  more  copious  de- 
rivation of  fpirits  through  the  nerves  thus 

arTeded. 
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affected,  but  alfo  through  a  variety  of  other 
nerves  with  which  they  have  no  connexion, 
and  whofe  rife  is  from  a  different  part  of 
the  brain?  The  fympathy,  therefore,  or 
confent  obferved  between  the  nerves  of  va- 
rious parts  of  the  body,  is  not  to  be  ex- 
plained mechanically,  but  ought  to  be  a- 
fcribedto  the  energy  of  that  fentient  being, 
which  in  a  peculiar  manner  difplays  its  pow- 
ers in  the  brain,  and,  by  means  of  the  nerves, 
moves,  actuates,  and  enlivens  the  whole 
machine. 

But  further,  if  the  fympathy  obfervable 
between  different  parts  of  the  body,  be 
wholly  owing  to  the  connexion  or  commu- 
nication of  their  nerves,  how  comes  the 
pupil  to  be  contracted  by  the  action  of  light 
on  the  retina,  when  the  nerves  of  the  uvea 
have  not  only  no  communication  with  the 
optic  nerve,  but  arife  from  a  pretty  diflant 
part  of  the  brain  I  or,  if  there  were  fome 
general  fympathy  between  the  nerves,  why 
fhould  not  the  longitudinal  fibres  of  the  uvea 
be  contracted,  as  well  as  the  orbicular  ones, 
and  fo  the  coarctation  of  the  pupil  be  pre- 
vented ?  If  the  alternate  contractions  of  the 

infpiratory 
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infpiratory  mufcles  were   owing  merely  to 
their  receiving  a  few  nervous  twigs  from  the 
intercoftals,  which  furnifh  the  plexus  pulmo- 
nics,  why  is  not  the  heart  and  alimentary 
canal  equally  affedted  with  them,    by  a  Jli- 
muhi  or  uneafy  fenfation  in  the  lungs  ?  why 
are  not  the  intercoftal  mufcles  as  much  con- 
vulfed  in  vomiting  as  the  diaphragm  and 
abdominal  mufcles?    and  why,   upon  an  ir- 
ritation of  the  membrane  of  the  nofe  and 
trachea,  are  not  the  abdominal  mufcles  con- 
tracted, till  the  infpiratory  mufcles  begin  to 
be  relaxed  ?    Thefe  queftions   will  fcarce  be 
anfwered  fatisfactorily,  upon  any  fcheme  of 
fympathy  depending  wholly  on  the  com- 
munication or  connexion  of  nerves  ;    but 
have  no  difficulty  in  them,  if  the  motions 
now  mentioned  be  referred  to  the  mind  or 
fentient  principle. 

When,  therefore,  in  confequence  of  a 
difagreeable  fenfation  in  the  lungs,  arifing 
from  the  difficult  paflage  of  the  blood  thro* 
their  veffels  foon  after  expiration  is  finifhed, 
the  infpiratory  mufcles  are  contracted  ;  we 
are  not  to  afcribe  this  to  any  unknown 
fympathy  a&ing  mechanically  upon  thefe 

mufcles 
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mufcles  or  their  nerves;  but  to  the  mind 
or  fentient  principle,  which  being  affe&ed 
by  the  uneafy  perception  in  the  luno-s,  is 
thereby  excited  to  increafe  the  action  of 
the  nervous  influence  upon  the  intercoftal 
mnfcles  and  diaphragm ;  by  which  the  ca- 
vity of  the  thorax  being  enlarged,  and  the 
lungs  inflated  with  frefh  air,  the  difagree- 
able  fenfation  in  them  is  removed  ;  and  con- 
fequeiitly  the  extraordinary  contraction  of 
the  infpiratory  mufcles  ceafes :  hence,  by 
the  reaction  of  the  elaftic  cartilages  of  the 
ribs,  abdominal  mufcles,  &c.  the  cavitv  of 
the  thorax  is  leflened,  i.  e.  infpiration  is  na- 
turally followed  by  expiration ;  which  again 
mull  foon  be  fucceeded  by  a  new  infpira- 
tion, on  account  of  the  particular  fenfation 
which  begins  to  arife  in  the  lungs. 

3.  It  does  not  appear,  that  any  effort  of 
the  mind  or  fentient  principle  is  neceffary  to 
expiration;  for  this  naturally  takes  place  as 
foon  as  the  mufcles  of  infpiration  ceafe  to 
a&.  The  rea&ion  of  the  cartilages  of  the 
ribs  and  ftretched  pericardium  and  peritonae- 
um,   are  wholly  owing  to  the  elafticity  of 

the 
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the  parts,  and  not  to  any  mufcular  contrac- 
tion or  additional  force  communicated  to 
them  at  this  time;  nay,  the  reaction  of  the 
abdominal  mufcles  in  expiration,  feems  to 
be  pretty  much  of  the  fame  kind ;  although 
it  is  not  improbable,  that  the  extension  of 
their  fibres,  by  the  depreffion  of  the  dia- 
phragm in  infpiration,  may,  as  a  very  gentle 
Jlimulus,  excite  in  them  a  true  mufcular  con- 
traction *.  However,  this  irritation  prompt- 
ing the  abdominal  mufcles  to  contract  at 
the  end  of  infpiration,  mud  be  very  incon- 
siderable, and  in  no  ways  like  the  convulfive 
motions  brought  on  other  mufcles  by  a 
Jlimuhts ;  fince,  when  they  are  greatly 
ftretched  by  a  very  full  infpiration,  we  do 
not  find  any  difficulty  in  preventing  their 
contraction,  or  in  moderating  it  as  we 
pleafe  ;  while,  on  the  contrary,  in  vomiting 
their  motions  are  altogether  convulfive  and 

involuntary. 

*  The  fame  thing  may  be  laid  of  the  fternocoftal  mufcles, 
which  are  generally  thought  to  pull  the  fternum  and  carti- 
lages of  the  ribs  do wn wards  and  backwards  in  expiration, 
bgt  which  feem  fcarcely,  if  at  all,  to  act  in  ordinary  and  gentle 
expiration. 
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involuntary.  Further,  the  thorax  of  dead 
animals  being  in  a  full  ftate  of  expiration 
fhews  that  this  is  brought  about,  after  all 
mufcular  adtion  ceafes,  by  the  mere  elaftic 
force  of  the  parts.  Nor  is  it  any  obje&ion 
here,  that  when  air  is  blown  into  the  thorax 
of  a  dead  body,  expiration  is  performed 
more  (lowly  than  in  a  living  one  ;  becaufe, 
by  the  cold  and  total  ftagnation  of  the 
fluids,  the  parts  not  only  become  more 
rigid,  and  the  articulations  of  the  ribs 
lefs  moveable,  but  the  inftruments  of  ex- 
piration lofe,  in  a  good  meafure,  their  elaftic 
power. 

Lastly,  the  phenomena  obfervable  in  co- 
matous  patients,  and  which  we  fhall  here- 
after take  notice  of,  fhew,  that  whereas  in- 
spiration is  owing  to  the  energy  of  the  fen- 
tient  principle,  and  is,  therefore,  in  fuch 
patients,  in  fome  degree  interrupted,  expi- 
ration is  performed  as  ufual ;  which  could 
not  happen,  if,  like  infpiration,  it  proceed- 
ed from  the  mind,  or  from  any  particular 
fenfation  directing  it  to  put  certain  mufcles 
in  adtion ;  for  in  that  cafe  there  ought  to 
be  a  paufe  at  the  end  of  infpiration,  as  well 

as 
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as  at  the  end  of  expiration.  Upon  the 
whole,  therefore,  we  may  conclude,  that 
expiration  naturally  enfues  as  foon  as  ever 
the  infpiratory  mufcles  ceafe  to  aft,  chiefly 
by  virtue  of  the  elafticity  of  the  ftretched 
parts,  and  fcarcely  at  all  by  the  power  of 
any  mufcular  contra&ion  *. 

Here  we  may  obferve  a  remarkable  ana- 
logy betwixt  the  motions  of  the  pupil,  and 
of  the  thorax  in  refpiration.  The  coarcta- 
tion of  the  pupil,  when  light  is  admitted 
into  the  eye,  is  owing  to  the  mufcular  con- 
traction of  the  circular  fibres  of  the  uvea,  in 
which,  therefore,  it  feems  to  correfpond 
with  infpiration ;  but  its  relaxation  when 
the  Jlimulus  of  light  ceafes,  is  produced 
merely  by  the  natural  contraction  of  the 
longitudinal  fibres  of  this  membrane,  and 
confequently  in  this  it  refembles  expira- 
tion. 

D  d  a.  If 


*  What  is  faid  here,  is  only  meant  of  ordinary  and  gentle 
expiration,  which  is  performed  without  confcioufnefs,  of 
the  afliftance  of  any  of  thofe  mufcles  which  acl  in  violent  exJ 
ptration* 
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4.  If   it  be  demanded,  why,  after  the 
lungs,  by  an  effort  of  the  will,  have  been 
kept  for  fome  time  in  a  flate  of  full  infpi- 
ration,   the  infpiratory  mufcles  are  immedi- 
ately relaxed,  when  this  effort  ceafes,  and 
not  rather  continued  in  a  flate  of  contrac- 
tion, feeing  there  is  an  uneafy  fenfation  in 
the  lungs,  equal  to  what  happens  after  ex- 
piration;   the  anfwer  is,  that  the  difagree- 
able  fenfation  is  of  a  different   kind,   and 
which,   the  keeping  the  lungs  in  a  flate  of 
infpiration,  would  tend  rather  to  increafe 
than  remove  :    for  fuch  is  the  conflitution 
of  our  frame,  and  the  law  of  that  wonderful 
union  conne&ing  the  foul  and  body,  that 
the  former,    upon  any  uneafy  perception, 
produces  fuch  motions  and  changes  in  the 
latter,  as  naturally  and  moft  effe&ually  tend 
to  leffen  it,  or  expel  the  irritating  caufe. — 
Thus  the  uneafy  fenfation  arifing  from  the 
acStion  of  light  upon  the  tender  retinti,  is  not 
followed  by  a  contraction  of  the  longitu- 
dinal fibres  of  the  uvea,   becaufe  this  would 
not  have  the  effed:  of  diminifhing,  but  of 
adding  to  the  difagreeable  perception.    For 

the 
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the  fame  reafon,  the  mind,  in  confequence 
of  a  flimulus  or  uneafy  feeling  in  the  lungs, 
increafes  the  action  of  the  nervous  influ- 
ence upon  the  intercoftal  mufcles  and  dia- 
phragm, and  not  upon  the  mufcles  of  the 
abdomen,  back,  or  loins.  But  further,  the 
continuing  the  infpiratory  mufcles  for  any 
confiderable  time  in  a  ftate  of  full  contrac- 
tion by  a  voluntary  exertion  of  the  power 
of  the  mind,  never  fails  to  give  fome  degree 
of  uneafinefs ;  fo  that  it  is  no  wonder,  if 
they  be  relaxed  as  foon  as  the  effort  of  the 
will  ceafes. 

5.  Sudden  furprize,  or  any  thing  that 
will  but  for  a  few  moments  ftrongly  fix  the 
attention  of  the  mind,  prevents  the  hiccup, 
if  it  be  from  a  weaker  caufe. — Sneezing  is 
ftiffled  in  the  beginning,  whenever  an  at- 
tempt to  perform  it  raifes  an  acute  pain  in 
any  part  of  the  body  ;  as  frequently  happens 
in  rheumatifms  arTedting  the  mufcles  of  the 
back  or  thorax.  In  thefe  cafes,  the  mind, 
being  ftrongly  affedted  by  the  acute  pain, 
becomes,  in  a  great  meafure,   infenfible  of 

the 
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the  irritation  of  the  olfaclory  nerves  *  \ 
wherefore  no  violent  or  convulfive  motion 
enfues.— In  the  fame  manner,  if  there  be 
only  a  gentle  irritation  in  the  trachea,  any 
thing  that  renders  the  mind  le(s  fenfible  of 
this,  will  prevent  coughing.  Hence,  in 
time  of  eating,  a  tickling  cough  generally 
ceafes,  or  is  lefs  frequent ;  for  not  only  tne 
chewing  and  fwallowing  of  the  food  engage 
the  attention  of  the  mind  at  that  time, 
but  the  motions  of  the  larynx  in  deglutition 
have  almoil  the  fame  effect  in  leffening  the 
fenfe  of  irritation  in  the  trachea,  as  fridtion 
has  in  diminifhing  a  fmall  degree  of  pain, 
or  itching,  in  any  part  of  the  body..  As 
therefore  the  convulfive  motions  of  cough- 
ing, fneezing  and  the  hiccup,  are  undoubt- 
edly owing  to  an  uneafy  fenfation  affecting 
the  mind,  may  we  not  juftly  conclude,  that 
the  gentler  fiimidus  of  the  blood,  in  the  vef- 
fels  of  the  lungs,  becomes,  through  the  in^ 
tervqjnion  of  the  mind  or  fentient  principle, 

the 

*  How  a  ftronger  fenfation  fhould  deftroy,  or  render  the 
mind  infenfible  of  a  weaker  one,  is  a  queftion  attended  with 
iome  difficulty ;  concerning  which  fee  below  Seel.  xi.  anfwer 
to  objection  2. 
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the  caufe  of  the  lefs  violent  motions  of  the 
infpiratory  mufcles  ? 

6.  This  however  will  ftill  further  ap- 
pear, from  confidering  the  phenomena  of  re- 
fpiration  in  fome  morbid  cafes,  and  in  ani- 
mals placed  in  a  receiver  partly  exhaufted  of 
air. 

*  In  acute  difeafes,  where  the  head  is 
much  affected,  a  remarkable  alteration  of- 
ten happens  in  the  breathing:  expiration 
indeed  fucceeds  infpiration  in  the  ufual 
way ;  but  fometimes,  after  expiration  is 
finifhed,  there  is  a  long  paufe  before  a  new 
infpiration  is  begun.  In  a  patient,  whofe 
brain  was  affected  from  an  ifchuria,  I  ob- 
ferved  this  interval  between  the  end  of  one 
expiration,  and  the  beginning  of  a  fubfe- 
quent  infpiration,  to  be  many  times  from 
feven  to  ten  feconds :  but  in  a  young  wo- 
man, who  died  apoplectic,  infpiration  fome- 
times did  not  fucceed  the  expiration,  till 
after  I  had  counted  20,  30,  40,  or  even 
more  beats  of  my  pulfe,  which  did  not  vi- 
brate above  75  times  in  a  minute.  This 
tihcenomenon,  which  is  eafily  explained,   upon 

the 
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the  principles  we  have  laid  down,  is  altoge- 
ther inconfiftent  with  every  mechanical 
account  of  refpiration  that  has  hitherto 
appeared,  or  indeed  with  any,  we  pre- 
fume,  which  may  poflibly  be  devifed  here- 
after. 

In  thefe  cafes,  the  brain,  and  common 
fenforium,  being  greatly  affedted,  the  mind 
or  fenrient  principle  muft  have  been  much 
lefs  fenfible,  than  it  nfually  is,  of  any  im- 
preffion,  irritation  or  Jlimulus  affedting  the 
nerves.  Hence,  after  expiration,  which, 
from  the  refilition  of  the  cartilages  of  the 
ribs,  <&c.  naturally,  and  without  the  inter- 
vention of  the  mind,  fucceeds  infpiration, 
a  long  pa  ufe  intervenes  before  a  new  infpi- 
ration comes  on  ;  becaufe  the  mind  is  not 
roufed  to  exert  her  influence,  till  the  unea- 
ilnefs  and  fenfe  of  fuffocation  in  the  bread 
becomes  fo  confiderable,  as  to  awake  her, 
as  it  were,  out  of  a  profound  fleep.  Let 
any  one,  after  expiration  is  finifhed,  keep 
his  thorax  in  that  ftate  for  half  a  minute  or 
more,  and  he  will  feel,  before  that  time  is 
elapfed,  fuch  an  uneafinefs  in  his  bread, 
as  will  beget  in  him  the  itrongeft  defire 

of 
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of  dilating  the  lungs,   and  taking  in  frefh 
air. 

It  is  plain,  that,  after  fuch  a  flop,  if 
■  Boerhaave's  theory  were  true,  infpiration 
never  could  fucceed,  becaufe  it  muftfnecef- 
farily  occafion  a  much  greater  obftmcSion 
to  the  motion  of  the  blood  through  the 
lungs,  than  can  ever  happen  at  the:end  of 
infpiration,  and  confequently  render  the  in- 
fpiratory  mufcles  altogether  unable  to  over- 
come their  antagonifts,  and  dilate  the  tho- 
rax.— If  refpiration  were  owing  to  the  al- 
ternate compreffion  of  the  phrenic  nerves, 
would  not  thefe  nerves,  on  account  of  the 
blood  accumulated  ill  the  veflels  of  the 
lungs,  be  more  comprefTed  20  or  30  feconds 
after  expiration,  than  juft  when  it  was  fi- 
nifhed,  and  confequently  be  rendered  then 
more  incapable  to  actuate  the  infpiratory 
mufcles? 

£  But  the  truth  of  what  we  have  been 
contending  for,  will  ftill  further  appear  from 
the  following  hiftory.  A  child  of  five 
years  of  age,  having,  at  7  o'clock  in  the 
evening,  fvvallovved,  by  miftake,  about  a 
dram  and  a  half  of  liquid  laudanum,  foon 

became . 
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became  merry,  and  laughed,  then  delirious* 
and  in  half  an  hour  was  feized  with  a  fleepi* 
nefs  and  Jlupor ;  at  io  her  breathing  was 
high,  with  a  fnoring  noife,  her  pulfe  full 
and  equal,  though  flow  \  (he  could  not  be 
fully  awaked,  but  looked  up  a  little,  and 
feemed  to  be  fenfible  of  pain,  when  fevere- 
ly  pinched:  about  n  her  face  became 
pale,  her  eyes  fixed  and  glazed,  and  her 
breathing  would  often  gradually  decreafe, 
and  at  lad  flop,  for  near  a  minute ;  then  it 
began  again  with  a  very  deep  infpiration 
and  fighing.  At  firft  when  the  breathing 
began  to  be  thus  interrupted,  the  intervals 
were  fhorter,  but  became  gradually  longer 
till  the  patient  died.  While  the  motions 
of  refpiration  were  decreafing,  the  pulfe  was 
fmaller ;  and  when  they  were  altogether 
ftopt,  it  was  very  weak  and  flow ;  but 
equable  and  without  intermiffions:  when 
refpiration  began  to  be  renewed,  the 
pulfe  recovered  its  ftrength,  and  became 
lefs  flow. 

The  interrupted  breathing  is  eafily  ac-' 
counted  for,  from  the  ftupor  and  infenfibili- 
ty  which  opium  never  fails  to  occafion  when 

taken 
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taken  in  too  great  quantity ;    .and  the  in- 
tervals becoming  gradually  longer,  could  be 
only  owing  to  thefenfes  being  more  and  more 
lock'd  up  by  the  further  adhon  of  the  lauda- 
num, till  at  laft,  the  mind  becoming  -altoge- 
ther infenfible  of  the  flimulus  or  fenfe  of  fuffb- 
cation  in  the  lungs,  a  final  (lop  enfued.     i  dd 
to  this,  that  from  the  remarkable  wcaknefs 
and  flownefs  of  the  pulfe  while  refpiration 
was  fufpended,   it  is  evident  that  its  recom- 
mencement  could    not   be    owing  to    any 
mere  mechanical  caufe  ;   for  the  fecretion 
of  fpirits,   and  every  function  of  the  body 
depending  on  the  general  circulation  of  the 
fluids,  muft  have  been  more  languid  imme- 
diately before  the   renewal  of  refpiration, 
than  when  it  began  to  ceafe.     It  would  be 
in  vain  to  pretend  to  account  for  the  pheno- 
menon now  mentioned  from  any  compreffion 
of  nerves,  or  alternate  ofcillations  of  a  high- 
ly elaftic  fluid  in   the  fibres  of  the  infpira* 
tory  mufcles ;     for    when    the  heart  irielf 
was  finking,   and  all  motion   in   the  body 
was  ready  to  ceafe,  every  mechanical  power 
that  can  poffibly  be  imagined  to  excite  re- 
fpiration, muft  have  been  left  able  to  renew 
E  e  this 
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this  motion,  than  it  was  a  little  before  to 
have  continued  it.— Laftly,  fince  the  pulfe 
was  at  all  times  flow,  and  in  the  intervals  of 
refpiration,  not  only  weaker  thqm  ufual,  but 
alfo  more  remarkably  flow,  it  appears  that 
the  heart  was  in  fonie  meafure  rendered  lefs 
obedient   to  the  Jiimulas   ufualiy  affedting 
it*.     Nor  is  this  furprifing;  fince,  from 
the  difleftions  of  living  animals,  we  know, 
that  a  large  dofe  of  opium  almoft  entirely 
fufpends  the  periftaltic  motion  of  the  flo- 
mach  and  inteftines  f .     The  heart  feems  to 
be  endued  with  a  much  greater  degree  of 
fenfibility  than  the  lungs ;  and  this  perhaps 
may  be  the  reafon,  why  its  motion  was  lefs 
remarkably  diflurbed  by  the  Jlupor  occafion- 
ed  by  the  laudanum^  than  that  of  refpira- 
tion, which,  befides,  is  performed  by  muf- 
cles,  whofe  fibres  or  membranes  have  vyojli- 
midas  immediately  applied  to  them. 

7  In  the  Edinburgh  Medical  Effhys,  vol.  V. 
(irt.  55.  we  are  told,  that,  after  blowing  in- 
to the  lungs  of  a  man,  who  had  been  dead 
to  all  appearance  for  above  half  an  hour, 

the 
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the  thorax,  which  was  by  this  means  eleva- 
ted a  little,  continued  alternately  to  rife 
and  fall,  gradually  acquiring  greater  degrees 
of  motion,  till  at  Iaft  refpiration  came  to  be 
as  fully  performed  as  in  healthful  people. 

Could  this  be  owing  to  any  mere  mecha- 
nical powers  in  the  body  ?  No,  furely.  A 
machine  adjufted  according  to  the  mod  ex- 
quifite  rules  of  art,  tho'  it  might  for  fome 
time  have  preferved  the  motion  communi- 
cated to  it,  could  never  of  itfelf  have  gene- 
rated a  greater  motion  !  In  order  therefore 
to  account  for  the  renewal  of  refpiration 
in  this  cafe,  we  muft  have  recourfe  to  the 
energy  of  the  sentient  principle, 
exerted,  here,  in  confequence  of  the  mo- 
tion imparted  to  the  fluids  in  the  lungs,  by 
their  firft  inflation. 

*  Thoughtful  melancholy  people, 
whofe  minds  are  greatly  taken  up  with,  and 
ftrongly  attached  to  certain  objetfs,  being 
hence  lefs  affedted  by  the  Jlimulus  or  flight 
lineafinefs  which  begins  to  be  felt  in  the 
lungs,  after  expiration  is  ended,  ufually 
perform  refpiration  more  flowly,  and  after 
longer  intervals,  thanthofe  who  are  in  per- 
fect 
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fed:  health  ;  by  which  means,  the  blood 
paffing  lefs  freely  through  the  pulmonary 
veflels,  and  being  accumulated  in  them,  a 
fenfe  of  weight  and  fufFocation  arifes,  which 
more  powerfully  affe&s  the  mind,  obliging 
them,  ofcen,  to  draw  in  a  more  than  ordi- 
nary quantity  of  air,  and  occafioning  what 
is  ufually  called  a  deep  figh. 

e  By  what  mechanifm  can  it  be,  that  in 
the  half-exhaufled  receiver  of  an  air-pump, 
animals  breathe  quicker  and  higher  than  in 
the  open  air  I  Certainly,  upon  Boerbaave's 
principles,  the  motions  of  refpiration  ought 
not  to  be  redoubled  in  this  cafe,  fince  the 
blood  flows  with  greater  difficulty  through 
the  lungs.  And  if,  according  to  Swammer- 
dam  and  Pitcaim,  the  alternate  motions  of 
the  thorax  were  owing  to  the  inspiratory 
mufcles  having  no  antagonifts,  how  could 
this  be  altered  by  the  air's  being  rendered 
lighter,  or  in  what  poffible  way  could  this 
or  theftagnation  of  the  blood  in  the  Jungs, 
make  thefe  mufcles  repeat  their  contractions 
more  ftrongly  and  frequently?  But  it  is  e- 
vident,  upon  the  theory  we  have  endea- 
voured to  eftablifh,  that  in  proportion  as 

the 
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the  air  in  the  receiver  is  exhaufted,  and  re- 
spiration becomes  more  difficult,  the  mind 
muft  increafe  its  efforts,  in  order  to  dilate 
the  lungs  more  fully,  and  to  get  rid,  if  pof- 
fible,  of  that  anxiety,  or  fenfe  of  fuffoca- 
tion,  which  ever  accompanies  the  ftagna- 
tion  of  the  blood  in  the  pulmonary  v  effete, 
or  its  difficult  paffage  through  them. 

I  Lastly,  upon  what  hypothecs,  found- 
ed wholly  in  the  received  properties  of  bo- 
dies and  the  laws  of  motion,  can  it  be 
ihewn,  that  the  frequency  and  fulnefs,  flow- 
nefs  and  fmallnefs  of  refpiration  fhould,  in 
healthy  people,  be  conftantly  in  proportion 
to  the  heat  and  cold,  rarity  and  denfity  of 
the  air  ? 

7.  Respiration  differs  from  moft  of 
the  other  fpontaneous  motions,  in  being  flib- 
je&  to  the  power  of  the  will :  thus  we  can 
at  pleafure  accelerate,  retard,  or  put  an  en- 
tire flop,  for  a  confiderable  time,  to  the 
motions  of  the  intercoftal  mufcles  and  dia- 
phragm :  nor  is  this  power  of  the  will 
over    thefe   mufcles   owing    (as   Bocrhaave 

thought 
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thought*)  to  the  mind's  preventing  their 
alternate  contra&ion,  by  means  of  the 
ftronger  voluntary  mufcles,  which  are  em- 
ployed in  laborious  refpiration  ;  for  any 
one,  by  trying  the  experiment,  may  foon 
fatisfy  himfelf,  that,  without  the  affiftance 
of  any  other  mufcle,  he  can,  when  he 
pleafes,  contract  the  diaphragm  with  diffe- 
rent degrees  of  force,  or  hinder  its  motion 
altogether. — But  though  refpiration  thus 
differs  from  the  proper  involuntary  motions, 
yet  it  does  not  perfectly  agree  with  thofe 
that  are  voluntary,  fince  it  is  regularly  per- 
formed in  time  of  fleep,  and  when  we  are 
awake,  although  we  be  not  confcious  of 
it. 

a  The  motions  of  the  intercoflal  mufcles 
and  diaphragm  are  not,  like  thofe  of  the 
heart  and  inteftines,  independent  on  the 
will,  becaufe  the  flimulus  exciting  their  ac- 
tion is  applied  to  a  diftant  part,  and  not  to 
the  organs  moved ;  and  while  fuch  flimulus 
is  gentle,  and  the  part  affected  by  it  not 
very  fenfible,  as  is  plainly  the  cafe  of  the 

lungs, 

*  Inftitut.  med.   N°  624. 
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lungs,  the  contraction  of  the  mufcles  that 
is  wont  naturally  to  follow  it,  may  be  pre- 
vented by  the  interpofition  of  the  will; 
but  if  the  Jlimulus  afld  uneafy  fenfation  be 
greatly  increafed,  the  ufu^l  motions  enfue, 
in  fpite  of  any  determination  of  the  will  to 
the  contrary.  Thus,  when  the  membrane 
of  the  trachea  is  only  flightly  irritated,  we 
can  reftrain  coughing  ;  but  when  it  is  more 
ftrongly  affeCted,  all  endeavours  to  hinder 
it  are  in  vain.— ? When  an  ordinary  Jlimuhf 
to  go  to  ftool  or  to  make  urine  urges  us, 
though  the  diaphragm  and  abdominal  muf- 
cles be,  as  it  were,  fpontaneoufly  contrad- 
ed,  yet  we  can  reftrain  their  motions  if  we 
pleafe  ;  but  in  a  violent  tenefmus  or  itrangu- 
ry,  they  are  convulfively  contracted,  not- 
withstanding any  effort  of  the  will  to  the 
contrary. — In  like  manner,  the  Jlimulus  ex- 
citing the  ufual  contraction  of  the  infpira- 
tory  mufcles,  after  exfpiration  is  finifhed,  is 
fo  gentle,  that  we  can  at  pleafure  prevent 
its  taking  place;  but  in  fevere  afthmatic 
fits,  where  the  uneafy  fenfation  is  vaftly  in- 
creafed, the  will  begins  to  lofe  its  power  of 
retraining  the  motion^   of  thefe  mufcles; 

pay. 
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nay,  even  fome  of  the  voluntary  mufcles, 
at  this  time,  are  forced  into  action  for  their 
affiftance:  and  if,  in  fuch  cafes,  the  will 
can  at  all  flop  the  motions  of  the  infpirato- 
ry  mufcles,  it  is  not  fo  much  by  its  imme- 
diate power  over  them,  as  by  means  of  the 
ftronger  mufcles  employed  in  voluntary  re- 
fpiration. 

It  muft  indeed  be  acknowledged,   that 
although  the  contraction  of  the    orbicular 
mufcle  of  the  uvea  be  not  owing  to  any 
fiimulus  immediately  applied  to  it,  but  to 
the  irritation  of  a  diftant  part,  yet  it  is  al- 
together independent  on  the  will;    and  in 
this  differs  from  refpiration,  and  from  the 
motion  of  the  mufcles  employed  in  cough- 
ing,   and  in  voiding  the  urine  and  feces. 
Perhaps  the  reafon  of  this  difference  may 
be,  that  the  adtion  of  light  upon  the  very 
fenfible   retina  affe&s  the  mind  fo  ftrongly, 
that  we  cannot,  by  any  power  of  the  will, 
prevent  the  contraction  of  the  pupil :    fur- 
ther,   it  is  not   impoffible   that   the  will, 
merely  through  difufe,  may  have  loft  its 
power  of  reftraining  the  motions  of  the 

mufcular 
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mufcular  fibres  of  the  uvea,  even  when  the 
Jlimulus  is  ever  fo  gentle  *. 

But  whatever  may  be  the  efficient  caufe, 
which  thus  fubjects  refpi radon  to  the  go- 
vernment of  the  will ;  the  final  caufe  of 
this  difference  between  it  and  the  other  vi- 
tal motions  is  pretty  evident :  for  were  it 
not  that  the  motions  of  the.  mufcles  em- 
ployed in  refpiration  may  be  varied  at 
pleafure,  we  fliould  not  only  be  unable  to 
evacuate  the  urine  2lv\&  faces,  but  muft  have 
been  deprived  of  the  happinefs  and  advan- 
tage of  communicating  our  thoughts  to 
one  another  in  the  way  of  fpeech. 

£  If  it  fliall  be  objected  that  the  motion 
of  refpiration  cannot  be  owing  to  the  mind 
or  fentient  principle,  becaufe  it  obtains  at 
all  times,  and  is  kept  up  when  we  are  a- 
fleep  and  not  confeious  of  it,  equally  as 
when  we  are  awake  and  attentive  ;  it  may 
be  a  fufficient  anfwer,  to  obferve,  that  a  va- 
riety of  actions  are  performed  by  the  influ- 
ence of  the  mind,  without  our  adverting 
to  them  in  the  lead.  To  give  but  one  in- 
F  f  fiance  : 

*  Sec  above  Sea  i.  N*iS\ 
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fiance:  Th€  eye-Mds  never  ceafe,  after 
fhort  intervals,  to  move,  whether  we  be 
fenfible  of  this  or  not,  nay  frequently,  as 
when  any  thing  threatens  the  eye  or  touch- 
es the  cornea,  they  move  whether  we  will 
or  no ;  and  yet  thefe  motions  are  un- 
doubtedly owing  to  the  mind.  Why, 
therefore,  may  not  refpiration  be  carried  on 
much  in  the  fame  manner,  without  our  at- 
tending to  it ;  efpecially  fince  we  have 
fhewn  that  the  difficult  paffage  of  the 
blood  through  the  lungs,  and  the  uneafy 
fenfation  thence  arifing,  muft  at  all  times 
influence  the  mind  to  continue  this  adtion? 
In  time  of  fleep,  do  we  not  often  fwaU 
low  the  fpittle,  talk,  move  our  limbs,  and 
entirely  change  the  pofture  of  our  bodies  ? 
Nay,  fome  perfons  get  out  of  bed,  and  tra- 
verfe  about  from  one  room  to  another. 
Here,  then,  are  actions  certainly  performed 
in  fleep,  which,  neverthelefs,  muft  necef- 
farily  be  afcribed  to  the  action  of  the 
mind. — Further,  in  cafes  where  breathing 
is  difficult,  when  the  patients  are  no  ways 
oonfcious  of  it,  nay  even  in  time  of  fleep, 
refpiration  fcems  to  be  performed,  partly 
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by  the  affiftance  of  other  mufcles  befides 
the  proper  infpiratory  ones,  i«  e.  by  mufcles 
which  commonly  are  not  employed  except 
in  voluntary  motion,  and  whofe  action, 
therefore,  in  fuch  extraordinary  cafes,  mud 
be  attributed  to  the  mind  alone.  On  what 
pretence  of  reafon,  therefore,  can  it  be  ur* 
ged,  that  the  motions  of  the  diaphragm 
and  intercoftal  mufcles,  fince  they  continue 
to  be  performed  while  we  are  afleep,  are  in 
no  ways  owing  to  the  mind?— If,  while  a 
child  is  afleep,  and  breathing  foftiy,  a  thick 
cloth  be  laid  over  its  face;  it  will  immedi- 
ately begin  to  breathe  deeper  or  quicker, 
and  will  go  on  to  refpire  in  this  manner, 
,  till,  the  cloth  being  removed,  the  cool  air 
is  admitted  into  the  lungs.  This,  un- 
doubtedly, mud  arife  from  the  uneafinefs 
which  the  mind  feels  from  the  difficult  paf- 
fage  of  the  blood  through  the  lungs,  and 
the  want  of  proper  air  ;  in  order  to  get  rid 
of  which  inconveniencies,  it  moves  the  tho~ 
rax  with  uncommon  force  and  frequency, 
whence  a  greater  quantity  of  air  is  infpired, 
and  the  lungs  are  more  widely  dilated, — 
la  an  aflbma,  does  not  the  fenfe  of  fiifFoea- 
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tion  excite  the  mind  ro  redouble  the  mo- 
tions of  the  infpiratory  mufcles,  and  are  wc 
not  fenfible  of  this  when  awake  ?    In  fleep, 
when  we  are  lefs  confctous   of  this  uneafi- 
nefs,  doe   not  the  mind   perfevere  in  exert- 
ing its  influence  in  the  fame  manner  upon 
thefe   mufcles?     A  ftrong  argument    this, 
that  the  mind,  as  a  fentient  principle,  is  of- 
ten afFefted  by  what  paffes  in  the  body,  and 
is,  in  coniequence  of  this,   excited   into  ac- 
tion, when,   in  the  mean   time,  we  do  not 
advert  to  any  fuch  thing. 


SECT.     IX. 

Of  the  beginning  of  refpiration  in  animals. 

AS  it  would  be  altogether  unneccffary 
to  prove,  that  the  fetus  cannot  pof- 
fibly  perform  the  aflion  of  refpiration, 
when  it  is  in  the  womb,  and  inclofed  in 
its  membranes  ;  I  fhall  take  it  for  granted 
that  animals  do  not  begin  to  breathe,  till 
the  external  air  has  accefs  to  them,  at  the 
time  of  birth  ;    though  I  find,  not  indeed 

without 
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without  furprize,  fome  of  the  moderns  go- 
ing into  the  contrary  opinion  *• 

It  may,  perhaps,  be  thought  prefumptu- 
ous  in  me  to  undertake  the  folution  of  a 
problem,  which  fome  of  the  greateft  Phy- 
fiologiits  have  attempted  in  vain :  how- 
ever, I  cannot  help  thinking  it  full  as  eafy 
to  account  for  the  firft  commencement  of 
refpiration,  as  for  its  continuance  when 
once  begun  ;  and  that  both  are  owing  to 
the  fame  caufe,  namely,  to  an  uneafy  ka- 
fation  in  the  lungs. 

Our  bodies,  framed,  as  they  are,  with 
the  moft  exquifue  fkill,  would  foon  perifh 
if  deprived  of  aliment  and  air.  The  for- 
mer of  thefe,  muft  be  fupplied  at  fhort  in- 
tervals, but  the  latter  can  hardly  be  wanted 
for  a  moment.  The  fwtus,  while  in  the 
womb,  (lands  not  in  need  either  of  the  one 
or  the  other  ;  the  mother's  juices,  trans- 
mitted to  it  through  the  veflels  of  the  pla- 
centa, fupplying  the  want  of  aliment ;  and 
the  peculiar  circum fiances  of  its  heart  ma- 
king the  alternate  motion  of  refpiration, 

which 

*  Mazini  opera,  torn.  3, 
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which  is  requisite  for  carrying  on  the  circu- 
lation of  the  blood  in  animals  after  birth, 
unneceflary  here  ;  while  the  mother's  fluids, 
having  fuftained  the  a&ion  of  the  air  in 
her  lungs,  are  duly  fitted  for  all  the  pur- 
pofes  of  the  fatus%  without  any  refpiration 
of  its  own.  The  neceflity,  therefore,  of 
air  and  aliment  commences  with  our  birth; 
and  as  we  are  excited  to  take  in  meat  and 
drink  by  the  uneafy  fenfations  of  hunger 
and  third,  which,  as  faithful  monitors,  ne- 
ver fail  to  warn  us  when  thefe  are  wanted, 
but  immediately  ceafe  upon  the  appetite's 
being  fatisfied;  fo,  to  prevent  our  being  in 
danger  of  perifliing  through  the  want  of 
frefli  air,  there  arifes,  unlefs  the  adtion  of 
breathing  be  continually  repeated,  and  new 
fupplies  of  frefh  air  thus  brought  into  the 
lungs,  an  uneafy  fenfation,  which  may  not 
improperly  be  termed  the  appetite  of 
breathing. 

If  then  an  appetite  for  frefli  air  be  as 
natural  to  animals  after  birth,  as  a  defire 
for  aliment ;  and  if  no  one  ever  yet  thought 
of  accounting  either  for  the  fenfations  of 
hunger  and  thij-ft,   or  for  the  taking  of 

food 
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food  confequent  upon  them,  merely  from 
the  mechanical  confti  ucftion  of  the  fto- 
mach,  gullet  and  fauces,  without  having 
recouife  to  the  mind ;  is  it  not  highly  un- 
reafonable  and  unphilofophical  to  attempt 
to  explain  the  a&ion  of  refpiration  from 
principles  purely  mechanical,  and  to  deny 
the  perception  and  operation  of  a  fentient 
a&ive  principle  to  be  the  caufe  which  at 
firft  begins,  and  ever  after  continues  it? 
This  analogy  is  too  ftrong  not  to  ftrike 
every  unprejudiced  mind  I 

But  it  may  be  here  aiked,  in  the  way 
of  objection,  if  the  fetus,  during  its  con- 
finement in  the  womb,  has  an  inclination 
to  breathe,  why  is  not  the  liquor  amnii, 
like  the  air  after  birth,  received  into  its 
lungs,  and  expelled  alternately*:  The  an- 
fwer  to  which  is, 

1.  That 


*  Dr  Martine  has  propofed  it  as  a  problem  ;  why  the 
fetus  in  time  of  geftation  never  dilates  its  thorax,  nor  at  any 
time  before  birth  performs,  however  flowly,  the  motions  of 
infyiration  and  expiration  fucceflively.  Medical  Eifays,  vol.  I. 
art*  xii. 
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i.  That  had  the  fetus  in  utero  tvzx  fo 
ftrong  a  defire  to  perform  the  a&ion  of 
refpiration,  it  could  not  admit  the  liquor 
amnii  into  its  lungs ;  partly  on  account  of 
water  being  a  fluid  altogether  improper  for 
the  purpofes  of  refpiration,  but  more  efpe- 
cially  becaufe,  whenever  it  fo  much  as 
touches  the  top  of  the  larynx*  the  glottis 
is  fo  conftri&ed,  by  the  convulfive  con- 
traction of  its  mufcles,  that  fcarcely  can 
even  one  drop  pafs  into  the  lungs.  This 
appears  evidently  from  its  being  obferved, 
that  thofe  animals,  which  have  been  im- 
merfed  and  kept  under  water,  do  not  admit 
any  of  this  fluid  at  all  into  their  lungs, 
much  lefs  fuch  a  portion  of  it  as  might 
properly  be  efteemed  the  caufe  of  their 
deaths*.  If»  therefore,  a  ftnall  quantity 
of  water  has  at  any  time  been  found  in  the 
lungs  of  drowned  animals,  we  are  not  to 
fuppofe  it  made  its  way  thither  while  they 
were  alive,  but  only  after  their  death, 
when,    the   mufcles   of    the  glottis   lofing 

their 

•  Hiftoire  acadenrie  des  fcienccs  1 719,  edit,  Svo.  p.  32.  and 
1725,  p.  16. 
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their  power  of  contraction  and  beco- 
ming flaccid,  the  fides  of  this  paflage  recede 
from  each  other. 

The  different  cravings  or  appetites  have 
feverally  their  correfponding  objedts  :  frefli 
air,  on  account  of  its  cooling  quality,  and 
becanfe  it  equably  and  gently  dilates  the 
lungs,  and  thus  promotes  the  circulation 
of  the  blood  through  their  veffels,  is  as 
well  adapted  to  fatisfy  the  appetite  of 
breathing,  as  thin  cooling  drink  is  to 
quench  third  ;  whereas  water  would  be 
altogether  as  improper  for  the  purpofes  of 
refpiration,  as  dry  bread  for  diluting  our 
fluids,  or  fatisfying  the  cravings  of  a  thir- 
fly  animal.  Hence  as  food  has  the  higheft 
relifh  to  a  hungry  perfon,  fo,  to  one  half 
fuffocated  for  want  of  air,  nothing  is  more 
refrefhing  or  more  greedily  taken  in  than 
this  fluid. 

Since,  therefore, it  appears  from  what  has 
been  faid,  that  water  is  wholly  unfit  for  fa- 
tisfying the  appetite  of  breathing,  and  that 
animals  which  have  been  long  accuftomed  to 
refpiration,  never  fo  much  as  attempt,  when 
underwater,  to  draw  it  into  their  lungs;  it 
G  g  follows. 
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follows,  that  the  foetus  in  utero,  even  fuppo*- 
fing  (what  feems  not  however  to  be  the 
cafe)  it  had  the  fame  appetite  of  breathing 
with  animals  after  birth,  could  not  receive 
the  liquor  of  the  amnios  into  its  lungs,  and 
expel  it  thence  alternately.  Thus  we  fee 
how  eafy  a  folution  Dr  Martinets  problem 
admits  of;  and  that,  for  this  purpofe,  it  is 
quire  unneceflary  to  have  recourfe  to  any 
imaginary  compreffion  of  the  phrenic  nerves. 
But, 

2v  It  feems  probable  that  either  the  ap- 
petite of  breathing  does  not  take  place  in 
foetujes  till  birth,    or  that  it  becomes  then 
much  ftronger;   for, 

a  The  uneafyfituation  of  the  fatus,  when 
the  birth  is  juft  at  hand,  and  its  various 
motions  and  ftruggles  in  confequenee  of  this 
uneafmefs,  mud  remarkably  quicken  the  cir- 
culation of  the  blood  through  itsveffels; 
whence  the  lungs  will  not  only  receive  a  lar- 
ger fhare  of  fluids  in  a  given  time  than  for- 
merly, but  the  blood  paffing  in  greater 
quantity  than  ufual  from  the  left  ventricle 
of  the  heart    into  the  aorta,    and  making 

therefore 
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therefore  a  ftronger  refinance  to  the  paffage 
of  this  fluid  through  the  duff  us  arte io fits,  k 
muft  now  be  more  copioufly  determined  in- 
to the  pulmonary  artery,  from  whofe  begin- 
ning this  dud:  arifes.  But  if  the  blood  be 
thus  pufhed  in  greater  dreams  into  the  vef- 
fels  of  the  lungs  at,  and  even  fomewhat  ear- 
lier  than  the  time  of  birth,  muft  there  not 
hence  enfue  a  greater  degree  of  heat,  and 
fulnefs,  a  more  z&vfe  ftimuius  and  uneafinefs 
in  thefe  veflels;  or,  in  other  words,  muft 
not  the  appetite  of  breathing  be  hence  ne- 
ceffarily  increafed*  ?  After  birth,  when  the 
foetus  remains  for  fome  time  inclofed  in  its 
membranes  before  it  is  allowed  to  breathe, 
this  increafed  motion  of  its  blood  may  well 
be  fuppofed  to  be  much  abated ;  however 
the  cold,  which  it  is  now  much  more  ex- 
pofed  to  than  formerly,  by  con  trading  the 
placentary  and  cutaneous  vefTels,  muft  ac- 
celerate the  return  of  their  blood  to  the  right 

ventricle 

■•  Altho'  immediately  before  birth  the  frius  may  be  fo  pref- 
fed  upon  and  confined  by  the  parts  furrounding  it,  as  to  pre- 
vent  its  making  any  confiderable  motions,  yet  the  pain  as  well 
as  the  ftrong  alternate  preffure  which  it  fuffers,  cannot  fail,  a" 
■Jhat  time,  to  quicken  the  circulation  of  its  blood* 
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ventricle  of  the  heart,  and,  by  this  means, 
increafe  the  force  of  the  circulation  in  the 
interior  parts  of  the  body. 

Chi  ldren,  which  have  been  cut  oux.  of 
their  mother's  womb,  often  remain  a  confi- 
derab'e  time  without  attempting  to  breathe, 
becaufe  there  is  no  fuch  increafe  of  the 
blood's  motion  thro*  their  lungs,  as  happens 
in  children  which  are  brought  forth  in  the 
natural  way,  and  which,  therefore,  mud  have 
a  greater  inclination  to  infpire.  It  is  to  be 
obferved.  however,  that,  in  fome  cafes, 
weaknefs,  and  confequently  a  very  languid 
circulation  through  the  lungs,  is  the  caufe 
why  children  delivered  in  the  ufual  manner, 
as  well  as  thofe  who  are  cut  out  of  the  ute- 
rusy  do  not  begin  to  breathe  for  a  confider- 
able  time,  after  they  are  expofed  to  the 
air. 

It  has  been  obferved,  that  when  the  uterus 
of  a  living  bitch  is  opened,  the  puppies 
inclofed  in  their  membranes  remain  quiet 
for  fome  time ;  but,  about  the  time  of  the 
mother's  death,  they  begin  to  ftir  about  and 
ftruggle,  as  if  afFe&ed  by  fome  very  uneafy 
fenlation;  and  that  if  their  membranes  be 

laid 
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laid  open  at  this  time,  or  a  little  after,  lb 
that  the  airlhall  be  admitted  to  them,  they 
immediately  begin  to  breathe,  and  feem  to 
be  relieved  from  what  before  opprefled 
them ;  but  if  this  is  not  done,  they  quick- 
ly begin  to  languifh  and  at  laft  die  *.  Does 
not  this  argue  that  a  nec'effity  of  refpiration, 
and  a  defire,  ftronger  at  leaft  than  before, 
of  dilating  the  thorax  for  the  adniiffion  of 
air,  commences  on  the  part  of  the  fatus, 
immediately  after  its  intercoutfe  with  the 
mother  is  cut  off  by  the  birth? 

y  As  the  water  furrounding  the  fetus 
would  certainly  hinder  its  making  any  ef- 
forts to  infpire,  though  it  were  fuppofed  e- 
ver  fo  defirous  of  doing  it,  fo  the  air,  the 
proper  medium  for  refpiration,  being  applied 
after  birth  to  the  face,  mouth  and  noftrils 
of  the  animal,  may  put  it  upon  eflaying  a 
new  action,  which,  by  reafon  of  the  peculiar 
fenfation  in  its  lungs,  it  cannot  but  be  ex- 
tremely anxious  to  perform,  We  may  ob- 
ferve  that  a  new-born  child  rarely  attempts 

to 

*  "  Foetum  cum  fuis  involucris  eximo,  et  exteriori  effraclo  in* 
44  volucro  per  interius  valde  pellucidum  oftendo  q-»i  foetus  refpi* 
41  rare  conetur,  quamque  pulchre  interior!  quoque  fra&o  serern 
4'  ducat."    Vefai'ri  anatom.  lib.  7.  c,  19. 
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to  fuck  except  fomething  be  applied  to  its 
mouth ;  and,  perhaps,  in  the  fame  manner 
the  appetite  of  breathing  hfelf  may  be  increa- 
sed in  zfccius  by  the  prefence  of  a  fluid  fit- 
ly anfwering  its  demands. — -The  chick,  af- 
ter it  is  become  large  and  ftrong,  is  obfer- 
ved  to  gape  when  the  fhell  is  opened ;  and 
does  not  this  indicate  a  defire  of  breathing  ? 
this  opening  of  the  mouth  cannot  be  in 
order  to  take  in  the  liquor  of  the  amnios 
fince  the  chick  is  nourished,  not  by 
the  mouth,  but  by  the  umbilical  veflels  a- 
lone  *. 

Upon  the  whole,  altho*  it  is  not  altogether 
improbable  that  thef&tus,  during  its  ftay  in 
the  womb,  may,  efpecially  towards  the  end 
of  geftation,  from  the  difficult  paflage  of 
the  blood  through  its  comprefled  lungs, 
have  a  defire  to  breathe,  provided  it  could 
enjoy  the  benefit  of  air,  yet  it  fcarcely  can 
be  doubted  that  this  appetite  of  breathing 
mull  be  greatly  increafed  at  birth.  Nor  is 
breathing  the  only  a&ion  performed  by  a 
child  newly  born,  which  before  it  was  a 
ftranger  to;    fucking  being  equally  new  to 

k 

*  See  Edinburgh  Medical  EiTays,  ypj.  2.  art.  10. 
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it  as  breathing  *.  The  former  has  been  ge- 
nerally referred  to  inftindt,  and  fo  perhaps 
may  the  latter:  but  as  I  would  decline,  as 
much  as  pofTible,  the  ufe  of  words,  whofe 
meaning  may  be  obfcure  or  indeterminate; 
I  chufe  rather  to  fay,  that  fucking  and 
breathing  are  owing  to  particular  fenfations 
in  the  body,  determining  the  mind  or  fen- 
tient  principle  to  put  certain  mufcles  or  or- 
gans in  motion. 

Having  thus  accounted  for  the  begin- 
ning of  refpiration  in  animals,  we  fhall,  in  a 
few  words,  fhew  the  weaknefs  of  what  has 
been  advanced  on  this  head  by  fome  of  the 
moft  confiderable  writers  in  Phyfiology. 

Our  celebrated  countryman  Dr  Pitcaim 
derives  the  firft  infpiration  in  new-born  ani- 
mals, from  the  air  rufhing,  by  the  glottis, 
into  the  cavity  of  the  thorax  at  birth,  as  it 
were  into  a  vacuum,  and  thus  enabling  the 

intercoftal 

*  That  the  fcetus  in  utero  does  not  fwallow  the  liquor  am- 
nii,  has  been  fo  clearly  demonttrated  by  my  learned  Colleguc 
Dr  Alexander  Monro  fenior,  that  I  think  it  one  of  the 
few  points  in  Phyfiology  which  ought  for  the  future  to 
pafs  undifputed.  See  Edinburgh  Medical  EfTays,  vol.  z. 
art.  9. 
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intercoftal  mufcles  to  raife  the  ribs  *.     But 
as   the  lungs,  before  birth,   fill  the  thorax, 
there   can  be  no  vacuum  into  which  the  air 
may  rufh  :    for,  if  there  were,  the  liquor  am- 
mi  muft  have  been  forced  into  it,  while  the 
fvtus  was  in  the  womb ;   and  in  dead-born 
fatufes,   the  air  ought  to  rufh  into  the  lungs 
and  expand  them  ;  both  which  circumftan- 
ces  are  contradicted   by  experience.     The 
Doctor  adds,  Irrumpit,  inquam,  aer  vi  elateris 
et  gravitatis,  non  autem  dilatati  prius  peftoriS) 
compulfus-\\   whence   it  is   evident   he   was 
quite  unacquainted  with  the  true  manner  in 
which   infpiration  is  performed:   for  it  is 
owing,  as  has  been  (hewn  above,  to  the  en- 
largement   of   the   cavity   of    the   breaft, 
made  by  the  contraction  of  the  intercoftal 
mufcles  and  diaphragm.     Befides,    fince  the 
thorax  is  in  a  ftate  of  full  expiration  in  all 
dead  animals,   it  evidently  appears  that  the 

air 

*  DifTert.   de  cauf.  qua  fanguis  fluit   per  pulmon.  feci.  14. 

P-   5V 

f  Diflert.  de  cauf.  qua  fang,   fluit  per  pulmon.  feci.   1 5. 
p.   c4. 
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&ir  cannot,  by  its  gravity,  &c.  dilate  the 
lungs;  but  that,  in  order  to  the  firft  infpi- 
ratiun,  the  diaphragm  and  intercoftal  muf- 
cles,  by  their  contradion,  mult  enlarge  the 
cavity  of  the  cheft. 

Th  e  great  Boerbaave,  after  Tbrujlon  and 
Borelli,  aferibes  the  beginning  of  refpiration 
to  the  foetus  moving  all  its  mufcles  violent- 
ly in  the  time  of  birth,  and,  among  the  reft,, 
the  intercoftals  and  diaphragm*.  But  this 
account  is  by  no  means  fatisfadtory  ;  fince 
Vejalius  and  Mr  Boyle  have  obferved,  that 
puppies  cut  out  of  their  mother's  womb  be- 
gin to  gape  and  breathe  as  foon  as  they 
are  expofed  to  the  open  airf.  And  when 
infants,  which  feemed  to  be  dead-born, 
have  begun  foon  after  to  breathe,  we  are 
not,  with  the  illuftrious  Senac,  to  afcribe 
this  to  the  adtion  of  any  fecret  reffbrt,  or 
undifcovered  piece  of  mechanifm,  bringing 
the  mufcles  of  infpiration  at  this  time  into 
play  J;  but  to  the  energy  of  the  fentient 
H  h  *       principle, 

*  Inftitut.  Med.   §691. 

•p  Vefal.  Anatom.  lib.  vii.  cap.  19.  &  Boy  Its  exp.  phytic, 
mechan.  p.  41. 

%  Traite  du  coeur,  lib.  3.  cap.  8.  Sect.  vi« 
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principle,  which,  as  foon  as  the  heart  be- 
gins to  vibrate,  is  roufed  by  a  difagreeable 
feeling  in  the  lungs,  to  dilate  the  thorax 
and  take  in  air.  The  caufe,  therefore,  of 
the  firft  infpiration  in  this  cafe,  is  evidently 
the  fame  as  of  its  recommencement  after  a 
fyncope,  namely,  the  blood  pufhed  by  the 
heart,  upon  its  recovering  motion,  into  the 
pulmonary  veffels,  and  there  a<5ting  as  a 
Jlimulus. 

The  learned  M.  de  Haller  chufes  to  de- 
duce the  beginning  of  refpiration,  from  the 
endeavours  of  the  fetus  to  cry,  upon  ac- 
count of  its  uneafy  fituation  and  the  pain  it 
fuffers  in  the  time  of  birth  *.  But,  if  the 
commencement  of  breathing  were  owing 
to  no  other  caufe  than  this,  why  fhould 
not  this  a&ion  ceafe  foon  after  the  child  is 
delivered,  when  it  is  free  from  pain  and 
gives  over  crying?  Or  why  fhould  it  begin 
in  Vefalius  and  Boyle's  experiments  now 
mentioned,  where  the  ufual  caufes  exciting 
the   animal   to  cry  were  wanting?     And 

why 

*  Not.  a  in  Boerhaave  Inftitut.  Med.  §  691.  &  prim.  lin. 
Phyfiolog. 
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why  fhould  the  foetus  Ihew  fuch  marks 
of  anxietv  when  inciofed  in  its  mem- 
branes,  and  be  quickly  at  eafe,  upon  its 
having  accefs  to  the  air  and  being  allowed 
to  breathe  ? 

But  what  is  crying  in  infants?  Why, 
no  more  than  an  irregular  kind  of  breath- 
ing, which  affects  the  expiration  chiefly, 
and  is  owing  to  fome  painful  fenfation  ; 
for,  hence  the  air  being  forcibly  expelled 
through  the  glottis,  which  is  conftricled 
now  more  than  ufually,  produces  that  noife 
called  crying.  To  tell  us  therefore, 
that  the  beginning  of  refpiration  in  animals 
is  owing  to  their  attempting  to  cry,  is,  in 
other  words,  to  lay,  that  it  depends  upon 
a  painful  fenfation,  which,  in  animals  ac- 
cuftomed  to  breathe,  prevents  the  mufcles 
of  refpiration  from  being  moved  in  a  regu- 
lar and  natural  way.  But,  as  the  aclion 
of  thefe  mufcles  is  performed  in  a  more  re- 
gular and  equable  manner  as  foon  as  the 
caufe  of  crying  ceafes,  it  feems  more  reafon- 
able  to  believe  that  the  firft  infpiration  is 
owing  to  the  fame  caufe  as  the  fecond, 
third,  and  every  fucceeding  one,  namely,  to 

a 
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a  particular  fenfation  in  the  lungs  affe&ing 
all  new-born  animals;  while  the  pain, 
which  occafions  crying,  is  merely- accident- 
al, and  feems  not  to  give  rife  to  refpiration, 
when  it  does  happen ;  though,  after  it  is 
once  begun>  it  is  the  caufe  of  its  being  per- 
formed after  an  irregular  and  interrupted 
manner. 

Animals,  when  drowned,  or  fuffocated 
with  bad  air,  are  many  times  brought  to  life 
again  by  fri&ion,  agitation,  or  by  blowing 
air  into  their  inteftines  or  lungs ;  all  which 
expedients,  as  they  communicate  motion  to 
the  blood  ftagnating  in  the  great  veins  ad- 
joining to  the  heart,  tend  to  renew  the  con- 
tractions of  this  organ,  and  confequentlythe 
circulation  of  the  blood  through  the  vefTels 
of  the  lungs,  to  which  alone  the  recom- 
mencement of  breathing  is  owing,  and  not 
to  any  attempt  to  cry  or  howl,  which,  in 
thefe  cafes,  is  feldom  obferved. 

Further,  in  batts,  hedge-hogs  and  o- 
ther  animals  which  ly  in  a  death-like  Hate 
daring  the  winter's  cold,  and  without  any 
alternate  motion  of  their  thorax,  can  the 
recommencement  of  breathing,  in  the  fpring 

feafon, 
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feafon,  be  afcribed  to  any  painful  fenfatioa 
exciting  them  to  cry?  No,  furely.  Bat 
the  returning  heat  of  the  fun  agitating 
their  fluids,  and  communicating  a  new  mo- 
tion to  their  heart,  the  blood  is  pufhed,  as 
is  ufual  in  living  animals,  into  the  pulmo- 
nary veffels,  where,  chiefly  on  account  of 
its  difficult  paflage,  it  excites  a  peculiar  fen- 
fation,  which  roufes  the  foul  or  fentient 
principle,  as  it  were,  from  its  (late  of  indo- 
lence and  inactivity,  to  contract  the  infpira- 
tory  mufcles,  and  thus  perform  the  action  of 
refpiration. 

Upon  the  whole,  I  think  it  evident  that 
the  beginning  of  refpiration  in  new-born  a^ 
nimals,  or  the  recommencement  of  it  in 
thofe  in  which  it  has  been  for  a  long  time 
interrupted,  cannot  with  any  fort  of  juftice 
or  propriety  be  deduced  from  an  inclination 
to  cry*  ;    but  is  owing  to  a  peculiar  fenfa- 

tion 

*  The  learned  M.  de  Haller,  in  his  Element  a  Phyfiologix, 
torn.  Hi.  p.  318.  (publiflied  fince  the  £rft  Edition  of  this  EfTay,) 
not  only  aferibes  the  beginning  of  refpiration  in  animals  to 
their  endeavouring  to  cry  at  the  time  of  their  birth,  but 
(biefly  to  their  having  been  accuftomed^  while  in  the  uterus,  to 

f\yallov>r 
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tion  in  the  lungs,  which  as  it  at  firft  gave, 
rife  to  this  a&ion,  lb  it  is  the  caufe  of  its 

being; 


t> 


(wallow  the  liquor  of  the  amnios;  whence  they  are  no  fooner 
cxpofed  to  the  air,  than  they  draw  in  this  fluid,  with  which 
they  are  now  furrounded. 

But  (uppofing,  what  is  no  ways  probable,  that  the  fatus, 
while  in  the  womb,  had  been  in  u(e  to  fwallow  the  liquor 
contained  in  the  amnios,  it  will  not  follow  that  it  mould  in- 
spire, or  draw  the  air  into  its  lungs,  as  foon  as  it  is  born  j  for 
the  action  of  infpiration  is  altogether  different  from  that  of 
deglutition,  and  is  performed  by  different  inftruments  and  or- 
gans. —If  the  fxtus  had  been  accuftomed  to  fwallow  before 
birth,  it  might  indeed,  immediately  after  ;/,  be  apt  to  move 
the  organs  of  deglutition,  and  fwallow  its  own  fallva-,  but 
how  mould  this  action  occafion  infpiration  ? — The  motion  of  the 
larynx  and  fauces  in  deglutition,  cannot  have  thefmaileft  influ- 
ence in  producing  a  contraction  of  the  diaphragm  or  intercoftal 
mulcles :  And  we  do  not  find  that  hunger,  or  a  ftrong  defire 
to  fwallow  either  liquid  or  folid  food,  ever  increafes  that  incli- 
nation which  animals  have  to  perform  the  action  of  infpira- 
tion ;  on  the  contrary,  after  we  have  failed  long,  we  breathe 
feldomer  than  after  a  full  meal.  In  like  manner,  when,  in  con- 
fequence  of  being  half  furTocated  by  breathing  in  too  confined 
an  air,  we  have  a  much  greater  defire  than  ufual  to  infpire, 
we  do  not  find  that  our  fenfe  of  hunger,  or  inclination  to 
fwallow  is  thereby  iucreafed.  And  indeed,  there  is  nothing 
more  certain  than  that  a  defire  to  fwallow  is  as  different  from, 
and  has  as  little  connexion  with  an  inclination  to  breathe,  as 
a  fenfe  of  hunger  in  the  ftomach  has  with  a  fenfe  of  fuflbcation 
in  the  lungs. 

In 


other  Involuntary  Motions.        247 

being  ever  after  continued.  And  if  we  are 
fo  formed,  that  we  feel  a  craving  appetite, 
as  often  as  our  bodies  require  a  new  liipply 
of  food,  and  a  different  fenfation  when  our 
fluids  need  to  be  diluted  with  drink,  can  it 
be  thought  ftrange  that  an  appetite  fhould 
be  criven  us  for  air,  the  want  of  which  be- 
comes  much  fooner  fatal? 


A  Solution  of  Harvey's  Proble 


ffii 


QiUi  fit,  lit  foetus  in  luccm  editus,  ac  membra- 
^S^nis  integris  opertus,  et  etiamnum  in  aqua 
fua,  manens,  per  aliquot  horar,    citra  fujfocatio- 

nis 


In  animals,  which  have  been  drowned,  or  fufFocated  by  bad 
air,  refpiration  is  reftored  by  friction  of  the  abdomen,  blowing 
into  the  anus,  or  by  any  other  means  that  can  renew  the  mo- 
tion of  the  blood  through  the  heart  and  lungs ;  In  this  caie, 
therefore,  the  recommencement  of  breathing  cannot  be 
owing  to  a  fenfe  of  hunger,  or  a  defire  to  fwallow. 

Further,  if,  as  I  have  endeavoured  to  prove,  and  as  M.  as 
Ha/Ier  himfclf  allows,  the  continuance  of  refpiration  in  ani- 
mals be  owing  to  an  anxiety  or  difagreeable  fenfation  in  the 
lungs  arifing  from  the  flow  paflage  of  the  blood  through  their 
vefTels  ;  is  it  not  more  reafonable  to  afcribe  the  beginning  of 
refpiration  in  new-born  animals  to  fuch  an  uneafy  feeling,  thai* 
to  an  inclination  to  fwallow  ^ 


1 
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nis  periculum,  fuperjies  Jit\  idem  t amen  fecmi* 

dis  exutus,  ftfemel  aerem  intra  pulmones  Xdttra-* 

xerit,  pojiea  ne  momentum  quidem  temporis  abf- 

•que  eo  durare  pofit,  fed  confejlim  moriatur  %? 

Th  1  s  problem,  which  was  firft  propofed 
by  the  great  Dr  Harvey,  appears  to  be  of  fo 
very  eafy  folution,  that  it  is  not  a  little  fiir- 
prifing,  that  many  Phyfiological  writers 
Ihould  have  attempted  it  in  vain. 

The  foetus  lives  in  the  womb  without 
refpiration,  becaufe  the  greatefl  part  of  the 
blood,  by  means  of  the  foramen  ovale  and 
duCrus  arteriofus,  is  conveyed  from  the  right 
finus  venofus  and  ventricle  of  the  heart  into 
the  left  ventricle  and  aorta,  without  paffing 
through  the  lungs;  and  becaufe  its  fluids, 
being  derived  from  the  mother's  blood 
which  has  fuftained  the  acftion  of  the  air  in 
her  lungs,  mult  be  equally  fit  for  its  nourifh- 

nient  and  fupport*    as   for  her's.- When 

the  fetus,  after  being  feparated  from  its  mo- 
ther,  remains  involved  in  its  fecundines,    it 
lives  for  a  confiderable  time  without  breath- 
ing ? 

*  Harvey  de  generat,  animal,  cap.  de  partu,  p.  501. 
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ing ;  becaufe  the  circulation  of  the  blood 
continuing  to  be  carried  on  in  the  fame 
manner  as  when  it  was  in  the  womb,  only  a 
fmall  proportion  of  it  pafTes  through  the 
lungs. 

After  birth,  when  the  foetus  has  once 
been  accuftomed  to  breathe,  it  foon  dies, 
if  refpiration  is  difcontinued*;  becaufe  the 
blood,  which  formerly  went  by  the  foramen 
ovale  and  dutlus  arteriofus,  pafTes  now  thro' 
the  veffels  of  the  inflated  lungs :  and  al- 
though we  cannot  fuppofe  thefe  paffages  to 
be  inftantiy  (hut  after  breathing  begins, 
yet  as  the  veficles  of  the  lungs,  after  having 
been  once  inflated,  never  collapfe  fo  far  as 
to  occupy  as  little  fpace  as  before,  their  vef- 
fels muft  go  on  to  receive  a  greater  quanti- 
ty of  blood  than  before  birth,  and  confe- 
quently  to  tranfmit  this  fluid  in  greater  a- 
bundance  to  the  left  ftnus  venofusy  by  which 
I  i  means 

*  M.  de  Halter  *  has  well  obferved  that  notwithstanding 
Harvefs  words  may  (eem  to  infintiate  that  a  fetus  which  has 
once  breathed,  inflautfydhs  after  this  acllon  is  interrupted,,  yet 
fetujes  which  have  breathed  only  for  a  morfc  tiirie^  can  liVfc  fe- 
veral  minutes  without  refpiratiofi. 

*  Element.  VhyfuAoo.  totfi.  Ill 
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means  the  pafTage  of  the  blood  into  this  fi- 
nus,  by  the  foramen  ovale ',  will,  in  a  great 
meafure,  be  prevented  ;  at  the  fame  time, 
by  the  inflation  of  the  lungs,  the  pulmona- 
ry artery  will  be  raifed,  and  the  fituation  of 
the  duSus  arteriofus  fo  changed,  as  to  ren- 
der the  pafTage  or  the  blood  through  it  lefs 
favourable.  Further,  after  birth,  when  the 
umbilical  arteries  are  tied,  the  blood  paf- 
fmg  through  the  duBus  arteriofus  into  the 
aorta  will  meet  with  greater  refiftance  than 
formerly  \  fince  the  fluids  pufhed  into  this 
artery  by  the  two  ventricles  of  the  heart, 
will  find  a  lefs  ready  pafTage,  as  a  confider- 
able  part  of  the  veffels  through  which  they 
ufed  to  flow  are  thus  obftru&ed. 

Hence  if  refpiration  be  once  begun, 
though  performed  but  for  a  fhort  time,  the 
blood,  notwithstanding  its  being  afterwards 
retrained,  will  continue  to  take  chiefly  the 
route  of  the  lungs,  through  whofe  vefTels, 
however,  it  cannot  pafs  near  fo  fafl  as  it  is 
thrown  into  them  from  the  right  ventricle 
of  the  heart ;  whence  it  follows,  that  an 
animal,  having  been  once  accuflomed  to 
breathe,  and  after  this  happening  to  be  de- 
prived 


other  Involuntary  Motions.      251 

prived  of  air,    muft  be  foon  fuffocated  by 
an  accumulation  of  blood  in  the  pulmonary 

veffels*. 

Some 

*  As  there  have  been  fome  who  doubted  of  the  alternate 
motion  of  the  lungs  in  refpiration,  being  necefTary  to  carry  on 
the  circulation  of  the  blood  through  their  veflels,  I  (hall  here 
mention  a  few  experiments,  which  feem  to  put  this  matter  out 
of  doubt. 

1.  When  the  lungs  are  collapfed,  t.  e.  in  a  (late  of  expira- 
tion, as  is  the  cafe  of  all  dead  animals,  any  fluid  injected  into 
the  pulmonary  artery,  palfes  with  difficulty  to  the  left  ventricle 
of  the  heart. 

2.  When  the  lungs  are  inflated  with  air,  an  injected  liquor 
flows  through  their  velfels  more  eafily  and  in  greater  quantity. 

3.  When  the  lungs  are  agitated  with  an  alternate  motion, 
fomething  like  natural  refpiration,  water  or  any  other  thin 
fluid  pafles  ftill  more  freely  through  them,  and  penetrates  into 
their  mod  fubtile  veifels*. 

4.  If  refpiration  be  reftrained  for  any  confiderable  time, 
one's  face  becomes  of  a  purple  colour,  and  its  veins  are  much 
diftended  with  blood ;  which  (hews  that  this  fluid,  on  account 
of  its  difficult  paflage  through  the  lungs,  is  accumulated  in  the 
trunks  of  the  cava  and  right  [inns  venofus. 

c.  The  necefTity  of  the  alternate  motion  of  refpiration 
in  order  to  the  free  tranfmiflion  of  the  blood  through  the  pul- 
monary veflels,  is  ftill  more  evidently  demonflrated  by  the  fol- 
lowing experiment  of  Dr  Mufgrave:  A  dog  whofe  trachea 
was  cut,  juft  below  the  pemum  adami,  and  clofe  ft  opt  with  a 
cork,  after  a  few  violent  druggies,  died  in  two  minutes  ;  and, 
upon  opening  the  thorax,  the  pulmonary  artery,  right  ventrir  le~ 

an4 

*  Vid.  K.iau  perfpirat.  Hippocrat  ditfa,  feft.  160,  161,  162,  8c  170. 
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Some   may   perhaps    think   the   fudden 
death  of  animals  deprived  of  the  benefit  of 

refpiration, 

and  auricle  of  the  heart,  together  with  the  great  trunks  of  the 
cava,  were  diftended  with  blood  to  an  exceflive  degree  ;  while 
the  pulmonary  veins,  left  auricle  and  ventricle  of  the  Jieart, 
were  almoft  quite  empty,  not  containing  more  than  a  fpoonful 
of  blood  *. 

It  may  be  thought  perhaps  that  the  force  of  this  experiment 
is  weakened  by  one  of  Dr  Hook's,   who  having  cut  away  the 
ribs,    diaphragm   and  pericardium  of  a  dog,   and  pricked  the 
outer  coat  of  the  lungs  with  a  penknife,  preferved  him  alive, 
by  keeping  his  lungs  fully  diftended  with  a  continued  blaft  of 
air,  which  he  made  to  pafs  through  them  by  means  of  a  pair 
of  double  bellows  f .     But  as  the  blood  flows  much  more  free- 
ly through  the  pulmonary  velTels  when  the  lungs  are  inflated, 
than  when  they  are  collapfed,    it  is  by  no   means  furprifing, 
that  in  this  dog,  which  had  loft  a  great  deal  of   blood  during 
a  former  experiment,    the  inflated  lungs  mould   afford  an  eafy 
enough  palfage  to  the  fmall   quantity  of  this  fluid  that  would 
be  thrown  into  their  vefTels  by  the  contraction   of  the   right 
ventricle  of  the  heart  j    efpeciallv  if  we  consider,   that  the  con- 
ftant  ftream  of  air  muft  necehVily,   while    it    was  paffing 
through  the  lungs,  and  efcaping  by  the  fmall   wounds  made  in 
their  external  furface,  have  communicated  a  considerable  ofcil- 
latory  motion  to  all  their  vefides  and  vtiTels,  whence  the  mo- 
tion of  the  blood   through  them  would  be  greatly  promoted. 
And  that  a  very  fmall  agitation  of  the  lungs  may  be  fufficient 
to  keep  up  the   circulation  through  their   vefTels,   and  preferve 
life,  plainly  appears  from  the  faintings  which  hyfterical  people 
are  (qmetimes  fubjeft  to.     In  thefe  faintings,  which  I  have  feen 

■*  Philofophical  Tianfaft.  abridged,  vol.  3.  p.  6%. 
\  Ibid,  p,  66. 
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refpiration,  is  owing  rather  to  the  want  of 
Something  in  the  air  which  fupports  the  vi- 
tal flame.  But  without  entering  into  a 
difcuflion  of  thofe  arguments  which  may 
be  brought  for  ancl  againft  this  opinion,  I 
fhall  only  obferve,  that  fmce  a  fans  can  live 
a  confiderable  time  without  refpiration, 
when  feparated  from  its  mother  and  invok 
ved  in  its  fecundines,  its  dying  fponer  for 
want  of  air,  after  it  has  once  breathed,  can- 
not be  owing  folely  to  the  defeft  of  ^ny 
thing  which  this  fluid  might  communicate 
to  the  blood  in  the  lungs,  but  muft  be  de- 
duced from  the  change  made  in  the  pulmo- 
nary veffels  by  refpiration,    as  has   been  a- 

bove 

lafl  from  5  to  near  15  minutes,  the  pulfe  beats  a  very  little 
flower  and  feebler  than  before,  but  with  its  ufual  regularity  ; 
while  in  the  mean  time  there  is  no  motion  of  the  thorax  obfer- 
vable  to  the  eye  ;  however,  by  holding  a  lighted  candle  near 
the  mouth,  one  can  eafily  difcover  that  they  breathe,  though  it 
be  very  weakly  and  flowly.  Further,  in  Dr  Hook's  experiment, 
the  paifage  of  the  blood  through  the  pulmonary  veflels  muft 
have  been  much  freer  than  it  is  in  found  animals,  whole  lungs 
are  kept  in  a  (late  of  full  infpiration,  becaufe  they  are,  while  it} 
this  ftate,  confiderably  prefTed  upon  by  the  rarified  air  endea- 
vouring to  inflate  them  more  and  more  on  the  one  hand,  and 
jhe  fides  of  the  thorax  refilling  this  inflation  on  the  other. 
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bove  explained.  And  this  reafoning  is 
confirmed  from  the  obfervation,  that  anir 
mals,  through  whofe  lungs  a  fmall  fhare  on- 
ly of  the  blood  circulates,  can  fu (lain  the 
want  of  air  much  longer  than  man  and  the 
other  more  perfect  animals,  in  which  the 
whole  mafs  of  blood  pafles  thro'  the-pulmo* 
naryveflels:  as  likewife  that  new-born  ani- 
mals, which  have  breathed  only  for  a  fhort 
time,  do  not  die  fo  foon  in  the  air-pump  as 
others  do  % 

Having  thus  fhewn  at  large,  that  the 
vital  and  other  involuntary  motions  of  ani- 
mals are  all  owing  10  JlimuH  of  one  kind  or 
other,  a&ing  either  immediately  upon  the 
organs  moved,  or  on  fome  neighbouring 
part  with  which  they  feeni  to  have  a  pe- 
culiar, fympathy ;  it  remains  that  we 
next  inquire,  whence  this  power  of  jii- 
muli  over  the  mufcles  of  animals  mud  be 
derived  ? 

SECT. 

*  Philofophical  Tranfaft.  abridged,  vol.  z,  p.  217,  &  21S. 
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SECT.     X. 

Of  tbe.reajbn  why  the   mufcles  of  animals  are 
excited  into  contraBion  by   ftimuli. 

>~pHE  mufcular  fibres  of  animals  are  fo 
framed,  as  to  contract  whenever  a 
caufe  proper  to  excite  their  action  is  applied 
to  them,  or,  in  defeat  of  this,  always  to  re- 
main at  reft.  This  caufe  is  either  an  effort 
of  the  will  *,  or  zftimulus  of  fome  kind  or 
other  f:  to  the  former  are  owing  the  volun- 
tary motions ;  and  to  the  latter  all  fucii  as 
we  call  vital  and  fpontaneous. 

How  or  in  what  manner  the  will  acts  up- 
on the  voluntary  mufcles,  fo  as  to  bring 
them  into  contraction,  is  a  queftion  wholly 
beyond  the  reach  of  our  faculties ;  and,  in- 
deed, were  it  otherwife,  the  anfwer  would 
be  of  no  great  importance,  it  being  fuffi- 
cient  that  experience  convinces  us  the  will 
is  really  pofTefTed  of  this  power.  But,  in 
this  our  endeavour  to  trace   the  vital   and 

other 

*  Sea.  1.  N°7.  above. 
f  Ibid.   N°  8. 
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other  involuntary  motions  up  to  their  firft 
fource,  it  feems  to  be  a  matter  of  no  fniall 
moment,  to  inveftigate  the  caufe  or  caufes 
which  enable  Jlimuli  of  various  kinds  to  ex- 
cite the  mufcles  of  living  animals  into  con- 
traction*    And  here, 

i.  Some  have  contented  themfelves  with 
afcribing  the  contractions  of  mufcles  confe- 
quent  upon  pricking,  tearing,  ftretching, 
or  otherwife  itimulating  them,  either  by 
the  application  of  folid  bodies  or  acrid 
fluids,  to  the  elaftic  power  of  their  fibres*; 
but  without  informing  us  particularly,  whe- 
ther by  this  they  only  underftood  that  re^ 
markabie  power  of  refilition  belonging  to 
many  bodies,  and  from  which  they  are  na- 
med elaftic,  or  fomething  different  from, 
or  fuperadded  to  this*  However,  thefe  au- 
thors would  have  done  well  to  consider, 
that  an  elaftic  body,   of  whatever  kind  it 

may 


35 


*  Bagliv.  opera,  4to,  lib.  de  fibra-motrice,  cap.  i  f .  p. 
&  DifTert.  de  anat.  fibrar.  et  motu  mufcul.  p.  403. 

F.  Hoffman,   fyftem.  med.   lib.  !.  feci.  r.  cap.  3.   N°   1} 
&  iS. 
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may  be  fuppofed,  is  no  more  than  a  piece 
of  dead  inactive  matter,  without  any  power 
of  generating  motion ;  and  that  though  it 
ever  recoils  with  a  force  proportional  to 
that  which  bent  or  wound  it  up,  yet  it  does 
this  only  in  confequence  of  its  being  acted 
upon,  and  not  from  any  proper  agency 
of  its  own :  That  the  fharpeft  needle 
does  not  produce  ftronger  vibrations  in  the 
fpring  of  a  watch,  than  a  blunt  one  acling 
upon  it  with  equal  force;  and  that  fpirit 
of  wine,  or  oil  of  vitriol,  dropt  upon  the 
moil  highly  elaftic  body,  difturb  not  its 
flate  of  reft,  any  more  than  the  mildeft 
milk,  or  oil  of  almonds.  Whereas  the  con- 
trary of  all  this  is  true  with  refpect  to  the 
action  either  of  ftimulating  folid  bodies  or 
acrid  fluids  upon  the  mufcular  fibres  of  ani- 
mals ;  whence  it  follows,  that  the  motions 
they  produce  are  not  to  be  explained  by  any 
elaftic  powers,  which,  it  may  be  imagined, 
thefe  fibres  are  endued  withal. 

2.  Others,    giving  fcope  to  a  lively  i- 

magination,  have  fancied  the  animal  fpirits 

lodged    in   the   cavities   of  the    mufcular 

Kk  fibres, 
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fibres,  to  confift  df  a  number  of  little 
fprings  wound  up,  which,  by  the  applica- 
tion of  ftimulating  bodies,  being  put  into 
vibratory  motions,  dilate  thefe  fibres,  and 
fo  render  the  whole  mufcle  fhorter*.  Not 
much  different  from  this  is  the  opinion  of 
the  illuftrious  Dr  Senac,  who  tells  us,  in  his 
accurate  Treatife  upon  the  heart  f ,  that 
this  mufcle  is  brought  into  contraction  by 
the  returning  venous  blood,  which  dilates 
its  ventricles,  and  ilretches  their  condim- 
ent fibres  in  fuch  manner,  as  to  excite  an 
ofcillation  in  the  animal  fpirits  lodged  in 
them,  and  confequently  to  make  the  muf- 
cular  fubftance  of  the  heart  fwell  and  be- 
come hard. 

But,  waving  the  obje&ion,  that  as  the 
nature  of  the  animal  or  vital  fpirits,  as  they 
are  called,  is  altogether  beyond  our  ken,  e- 
very  account  of  mufcular  motion  from  a  fiir 
muks  which  depends  on  their  peculiar  e- 
nergy  or  manner  or  a&ion,  rauft  therefore 
be  merely  hypothetical  and  precarious  at 
bed ;  may  it   not  well  be  aiked,    why,   if 

mufcular 

*  tkntaud.  element.  Phyfiolog-  p.  71,  72.  &  261. 
-J-  Vol.  1.  Hb.  2.  cap.  8. 
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mufcular  contraction  from  a  fiimulus  were 
owing  to  the  animal  fpirits  excited  into  an 
ofcillatory  motion,  fliould  prefllng  the  belly 
of  a  mufcle  with  a  fmooth  body  produce  a 
weaker  ofcillation  than  pricking  it  with  a 
pin,  which  is  applied  with  lefs  force,  and  af- 
fects only  a  very  few  of  its  fibres  ?  or  why 
fliould  one  and  the  fame  irritating  caufe  ail- 
ing on  the  fibres  of  an  inflamed  mufcle,  raife 
a  much  more  violent  ofcillation  of  the  ner 
vous  fluid,    than  when  applied  to  a  mufcle 

in  a  found  ftate  ? Befides,  fuppoflng  the 

animal  fpirits  lodged  in  the  mufcular  fibres 
to  be  ever  fo  elaftic,  would  it  not  be  in  vain 
to  go  about  deducing  the  motions  of  muf- 
cles  confequent  upon  a  ftimulus  from  this 
property,  fince  elaftic  bodies,  as  was  obfer- 
ved  above,  never,  of  themfelves,  generate 
motion,  but  recoil  only  with  a  force  pro- 
portional to  that  wherewith  they  are  afled 
upon.  If  it  be  pretended,  that  the  animal 
fpirits  differ  from  other  elaftic  bodies,  or 
owe  their  ofcillatory  motion  to  fome  other 
caufe*,  no  fatisfadtion,  furely,  can  arife 
from  fuch  a  refuge  in  ignorance  ;  for  thefe 

fpirits 

*  Senac.  Traite  du  coeur,  vol.  I.  p.  452. 
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fpirits  muft  either  adt  entirely  as  a  mechani- 
cal power  or  not :  if  the  affirmative  be  ad- 
mitted as  true,    it  mud  alfo,    at  the  fame 
time,  be  confeffed,  their  reaction,  like   that 
of  other  elaftic  bodies,  can  never  exceed  the 
power  adting  upon  them  and  putting  them 
in  motion :  but  if  their  adtion,  inftead  of 
being  properly  mechanical,  be  afcribed  to 
ibme  unknown  adtive  properties,    this  will 
be   found    to  be    not  only   a   mere   hypo- 
thefts,   but   fuch   a    one  as   will    hereafter 
be  proved   utterly  irreconcileable  with  the 
phenomena    of  mufcular   contraction    from 
flimulu 

3.  It  may  be  thought,  that  mufcular 
contraction  is  owing  to  ibme  kind  of  explo- 
fion,  ebullition  or  effervefcence,  occafion- 
ed  by  the  mixture  of  the  nervous  and 
arterial  fluids,  or  perhaps  to  the  peculiar  e- 
nergy  of  fome  very  fubtile  ethereal  or  elec- 
trical matter  refiding  in  the  nerves ;  and 
that  as  thefe  caufes  may  be  brought  into 
adtion  by  the  power  of  the  will,  in  order  to 
voluntary  motion,  fo,  in  the  cafe  of  invo- 
luntary  motion,    they  may  be   neceiTanly 

determined 
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determined  to  exert  their  influence,  by  the 
mechanical  a&ion  of  heat,  fharp  inftru- 
ments,  or  other  ftimuli  applied  to  the  fibres 
or  nerves  of  the  mufcles*. 

But,  without  inquiring  how  far  the  con- 
traction or  intumefcence  of  a  mufcle  may- 
be owing,  or  not,  to  any  of  the  caufes  now 
mentioned,  it  will  be  no  difficult  matter  to 
fhew  that  they  cannot,  without  the  inters 
vention  of  fome  other  agent,    be  excited  to 

exert 

*  Dr  Robin/on  has  afcribed  mufcular  contraction  from  heat, 
punctures,  &c.  to  their  exciting  a  vibrating  motion  in  the  ather 
within  the  nerves  and  membranes  of  the  mufcles;  and  thinks 
that  the  explofion  of  the  electrical  vapour  brings  the  mufcles 
into  a  rtrong  and  fudden  contraction,  by  raifing  a  ftrong  vi- 
brating motion  in  the  ather  lodged  in  their  nerves  and  mem- 
branes. Animal  (Economy,  prop.  8»  and  Diflertation  on  Sir 
lfaac  Newton's,  ather,  Appendix,  p.  140. — — Dr  La?igrifh  al« 
fo  is  of  opinion,  that  warmth  and  pricking  with  a  needle  re- 
new the  contraction  of  the  heart,  by  putting  in  motion  the 
ethereal  matter  of  the  nerves.     Cronean  Lectures>  feet.  127* 

^n(j  j5I. And  as  of  late  years  there  has  appeared  a  fond- 

nefs  in  fome,  to  explain  a! molt  every  hidden  operation  in  na- 
ture by  elearicity,  I  thought  it  might  not  be  improper  to 
(hew,  that  the  eleclrical  aura,  even  fuppofing  it  were  the  ma- 
terial caufe  of  mufcular  contraction,  will  not  enable  us  to 
account  for  the  motions  of  mufcles,  whofe  fibres  or  membranes 
are  pricked,  torn,  or  othervvife  ftimulated. 
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exert  themfelves  by  the  various  Jiimuli 
which  are  obferved  to  bring  the  mufcles  of 
animals  into  contraction  :  for  a  fluid  lodged 
in  the  nerves  or  mufcular  fibres,  though  of  a 
nature  fit  to  produce  explofions,  effervef- 
cences,  &c.  is  by  no  means  fufficient  for 
any  of  thefe  purpofes,  unlefs  a  caufe  peculi- 
arly adapted  to  excite  fuch  motions  be  ap- 
plied to  it.  Thus  gun-powder  produces  no 
explofion  without  the  affiftance  of  fire;  nor 
are  electrical  effluvia  excited  into  aCtion, 
but  by  the  attrition  of  certain  bodies.  Al* 
calies  then  only  raife  a  commotion  when 
mixed  with  acids;  and  no  effervefcences  or 
fudden  ebullitions  can  be  produced,  without 
the  mixture  of  fubftances  difagreeing  in 
their  qualities.  Fire  applied  to  a  glafs  globe 
will  not  produce  electricity,  any  more  than 
fridtion  will  make  an  alcaline  liquor  effer- 
vefce,  or  the  mixture  of  an  acid  fet  gun-, 
powder  in  a  flame.  If  therefore  mufcular 
motion  were  owing  to  any  of  the  caufes  a- 
bove  mentioned,  it  might  reafonably  be  ex- 
pected that  it  would  only  follow  upon  the 
application  of  certain  kinds  of  Jiimuli  to  the 
piufcular  fibres :  but  we  know  from  experi- 
ence, 
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ence,  that  instruments  of  different  metals, 
provided  their  fharpnefs  and  figure  be  the 
fame,  have  an  equal  power  of  bringing  the 
mufcles  of  animals  into  adtion  : — that  it 
makes  no  odds  whether  the  ftimulating  fub- 
ftances  be  electrics  per  fe>  or  /zo/z-eleftrics : — 
that  acrid  liquors  of  quite  oppofite  natures 
have  much  the  fame  effe<ffc,  if  their  degree 
of  pungency  be  equal:- —  that  acids,  alca- 
lies,  neutral  falts,  heat,  pricking,  tearing,  and 
in  fhort  every  kind  of  irritation,  excite  muf- 
cles of  animals  into  contraction;  and  that 
there  is  no  difference  in  the  motions  they  pro- 
duce, except  what  arifes  from  their  a&ing 
as  ftronger  or  weaker  jlimuli,  i.  e.  from  their 
irritating  the  part  more  or  lefs. 

Further,  no  violent  motion  is  produ- 
ced by  any  bodies  in  nature,  however  ac- 
tive, unlefs  the  peculiar  caufes  neceffary  to 
produce  fuch  motion  be  applied  to  them  s 
but  in  order  to  the  contraction  of  a  mufcle, 
it  is  not  neceffary  that  the  Jlimulus  (hould 
be  applied  to  its  fibres ;  it  is  enough  that 
the  common  membranes  covering  them  are 
irritated,  the  fame  effect  being  hence  pro- 
duced as  from  wounding  the  very  fibres  of 

the 
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the  mufcle.  This  is  evidently  fact,  in  the 
cafe  of  the  heart,  ftomach,  inteftines,  and 
bladder;  nay,  many  times,  mufclcs  are  ex- 
cited into  action  by  iftimulus  affecting  a  re- 
mote part  with  which  they  have  no  imme- 
diate connexion,  or  fo  much  as  even  a  com- 
munication by  means  of  nerves,  unlefs  it  be 
that  general  one  fubfifting  between  all  the 
parts,  as  their  nerves  are  derived  from  the 
fame  brain.  Thus  any  thing  which  affects 
the  interior  membrane  of  the  ftomach  af- 
ter a  difagreeable  manner,  brings  the  dia- 
phragm and  abdominal  mufcles  into  convul- 
five  contractions :  the  action  of  light,  as  a 
Jlimulus,  upon  the  tender  retina,  is  followed 
by  the  contraction  of  the  orbicular  mufcle 
of  ihe  uvea,  and  according  to  the  various 
impreffions  ihade  by  founds  upon  the  audi- 
tory nerves,  the  mufcles  of  the  internal  ear 
are  contracted  varioufly. 

Lastly,  As  the  electrical  effluvia,  exci- 
ted by  the  friction  of  certain  bodies,  are  not 
emitted  by  fits  and  ftarts,  but  in  a  conti- 
nued equable  ftream,  fo  neither  do  the  ex- 
plofions  or  effervefcences  produced  by  the 
mixture  of  fubftances  of  difagreeing  natures 

exert 
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exert  themfelves,  like  irritated  mufcles,  by 
alternate  efforts.  As  little  will  the  ofcilla- 
tions  of  an  elaftic  aiher  (fuppofing  the  ani- 
mal fpirits  to  be  of  this  nature)  ferve  to  ex- 
plain this  phenomenon,  fince  thefe  muft  al- 
ways follow  the  laws  of  vibration  obferved 
in  other  elaftic  bodies,  which  yet  are  utter- 
ly inconfiftent,  as  we  fhall  have  occafion  of 
proving  below,  with  the  alternate  and  vibra- 
tory-like contractions  of  mufcular  fibres  oc- 
cafioned  by  irritation.  Upon  the  whole  then, 
we  may  fairly  conclude  that  the  contraction 
of  an  irritated  mufcle  cannot  be  owing  to 
any  effervefcence,  explofion,  ethereal  ofcil- 
lation,  or  electrical  energy  excited  in  its 
fibres  or  membranes,  by  the  mechanical  ac- 
tion of  Jiimuli  upon  them. 

4.  Several  Phyfiological  writers  have 
fuppofed  fome  latent  power  or  property  in 
the  mufcular  fibres  of  animals,  to  which 
their  motions,  in  confequence  of  an  irrita- 
tion, are  to  be  referred  *. 

LI  But 

*  Peyer.  Parerg.  anatom.  7.  p.  10S. 

Haller,  not.   in  Boerhaave  inftitut.  med,  vol.  4.  p.  615.  8c 

6r7. 
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But  this  opinion  feems  to  be  no  more 
than  a  refuge  of  ignorance,  which  nothing, 
but  the  defpair  of  any  fuccefs  in  their  in- 
quiries into  this  matter,  can  have  driven 
them  into.  For,  if  they  here  mean  fome 
unknown  active  powers  refulting  from  the 
peculiar  conftitution  or  mechanical  ftruc- 
ture  of  a  mufcular  fibre,  it  may  be  fufficient 
reafon  with  us  for  denying  there  are  any 
fuch  latent  caufes,  that  the  aflertors  of 
them  have  hitherto  been  as  unable  to  vin- 
dicate their  exiftence  by  phenomena  which 
cannot  be  explained  without  them,  as  to 
fpecify  their  true  nature;  befides  that  it  muft 
appear  greatly  unphilofophical  to  attribute 
active  powers  to  that,  which  however  mo- 
dified 

617.  Comment.   /.  C.  H.  in  Boerhaave  inftitut.  med.  vol.  5. 
p.  10 1   &  104. 

M.  de  Hallsr,  fince  the  firfl:  Edition  of  this  EfTay  was  pu- 
blifhed,  has  endeavoured  to  (hew  that  the  motions  of  irritated 
Mufcles  are  owing  to  the  glutinous  matter  connecting  thole 
earthy  particles  of  which  their  fibres  are  compofed  j  and  he 
fuppofes  irritability  to  be  a  particular  property  of  that  gluti- 
nous fubftance,  in  like  manner  as  gravity  is  a  property  of  mat- 
ter  in  general.  This  notion,  however,  I  have  fufficiently  re- 
futed in  my  Phyfiological  EfTay s,  Edit.  2.  p.  179.— 185.  & 
p.  311.  &  312. 
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dified  or  arranged,  is  yet  no  more  than  a  fy- 
ftem  of  mere  matter ;  powers  I  fay,  which 
are  not  only  confefledly  fuperior  to  the  ut- 
moft  efforts  of  mechanifm,  but  feemingly 
contrary  to  all  the  known  properties  of 
matter. 

Further,  the  influence  o{flimuli  in  ex- 
citing even  thofe  mufcles,  to  which  they  are 
not  applied,  into  contraction,  plainly  argues 
fuch  motion  not  to  arife  from  any  hidden 
power  in  the  mufcle  being  called   into   ac- 
tion by  the  mechanical  effect  or  operation 
of  the  Jlimulus.     Every  attempt,  therefore, 
towards  explaining  the  motions  of  irritated 
mufcles,   from  properties  which  their  fibres, 
confidered  as  mechanical  inftruments,    ever 
fo  exquifitely  framed,    or  nicely   adjufted, 
can   be  fuppofed  endued  withal,   mull  be 
vain  and  fruitlefs :    for  as  well  might  we 
pretend  the  eye  fees  objects,   and  the  ear 
hears    founds,    purely   by  virtue    of  their 
being  material  organs,   as  imagine  the  mo- 
tions   of    animal    fibres    from   a   jlimulus, 
to   be   owing   folely    to   their   mechanical 
ftrudture,   or  to   the  peculiar  arrangement 
and  difpofition  of  their  parts. 

5.  Some 
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5.  Some  may,  perhaps,  be  of  opinion, 
that  the  all-wife  Author  of  nature  hath 
endued  the  mufcular  fibres  of  animals  with 
certain  active  powers,  far  fuperior  to  thofe 
of  common  matter,  and  that  to  thefe 
the  motions  of  irritated  mufcles  are  owing. 
And  indeed  we  cannot  but  readily  acknow- 
ledge, that  he  has  animated  all  the  mufcles 
and  fibres  of  animals,  with  an  active  fentient 
principle  united  to  their  bodies,  and 
that,  to  the  energy  of  this  principle, 
are  owing,  the  contra&ions  of  ftimula- 
ted  mufcles.  But  if  it  be  imagined  that 
he  has  given  to  animal  fibres  a  power  of 
fenfation,  and  of  generating  motion,  with- 
out fuperadding  or  uniting  to  them  an 
adtive  principle,  as  the  subject  and 
cause  of  thefe,  we  prefume  to  fay,  that  a 
fuppofition  of  this  kind  ought  by  no  means 
to  be  admitted  ;  fince,  to  affirm  that  mat- 
ter can,  of  itfelf,  by  any  modification  of 
its  parts,  be  rendered  capable  of  fenfation, 
or  of  generating  motion,  is  not  lefs  ab- 
furd,  than  to  afcribe  to  it  a  power  of  think- 
ing. Matter,  as  far  as  we  can  judge  of  it 
by  all  its  known  properties,   appears  to  be 

incapable 
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incapable  either  of  fenfation  or  thought : 
and  the  whole  phenomena  of  the  mere  ma- 
terial world  evidently  (hew,  that  it  acts  in- 
variably according  to  certain  laws  pre- 
ferred to  it,  and  without  any  feeling,  in- 
clination or  choife  of  its  own ;  nor  is 
there  any  thing  more  refembling  will, 
felf  determination,  or  real  active  power 
in  the  mod  refined  and  fubtile  parts  of 
matter,  than  in  the  groffefl:  and  mod 
fluggifh. 

If  then  the  effects  of  Jlimuli  upon  the 
mufcular  fibres  of  animals,  cannot  be  dedu- 
ced from  any  property  or  powers  belonging 
to  them,  as  mere  material  organs,  it 
remains,  that  they  are  owing  to  an  ac- 
tive fentient  principle  animating  thefe 
fibres.  But  this  will  more  evidently  ap- 
pear from  the  following  confiderations. 

I.  Stimuli  applied  to  the  mufcles  of 
animals,  when  laid  bare,  produce,  inftead 
of  only  one  contraction  lading  for  a  con- 
fiderable  time,  feveral  contractions  and 
relaxations  alternately  fucceeding  each  o- 
ther,  which  become  gradually  weaker,  and 

are 
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are  repeated  after  longer  intervals,  as  the  force 
of  the  irritating  caufe  is  diminifhed  *.  Now, 
thefe  alternate  contractions  are  eafily  ac- 
counted  for,  if  we  fuppofe  them  to  proceed 
from  a  fentient  principle,  which,  in  or- 
der to  the  getting  rid  of  the  pain  or  uneafy 
fenfation  that  arifes  from  the  irritation  of 
the    mufcle,    determines   the   influence   of 
the  nerves    into   its    fibres   more   flrongly 
than  ufual.     For,  if  by  one   or  two  con- 
tractions the  irritating  caufe  be  thrown  off, 
and,    together   with    it,    the   difagreeable 
fenfation  removed,  the  mufcle  will  return  to 
its  former  ftate  of  reft  ;     if  otherwife,   it 
will  continue  for  a  longer  time  to  be  agi- 
tated   by    alternate    convuliive    motions, 
which  will  be  more  or  lefs  forcible,  and  re- 
peated after  fhorter  or  longer  intervals,    in 
proportion  as  the  flimulus  and  painful  fen- 
fation hence  enfuing  are   ftronger  or  weak- 
er.    The  titillation  of  a  {lighter  flimulus 
will  be  fo  much  weakened  by  the  fir  ft  con- 
traction of  the  mufcle,   that  Xome  fpace  of 
::me  muit  intervene  before  it  will  be  able 

to 

'  Sett.  1.  N°  10,  &  n,  above. 
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to  produce  a  fecond  :  whereas  the  fmart 
pain,  which  follows  a  ftrong  irritation, 
affects  the  fentient  principle  fo  powerfully, 
that  no  fooner  is  the  mufcle  relaxed,  than 
a  new  contraction  neceffarily  fucceeds. 
Thus  a  gentle  irritation  of  the  left  orifice 
of  the  ftomach  occafions  only  a  flighter 
hiccup  or  convulfive  contraction  of  the 
diaphragm,  which,  too,  is  not  repeated 
till  after  confiderable  paufes ;  while  a 
greater  irritation,  not  only  excites  ftronger 
convulfions  of  this  mufcle,  but  alfo  a 
quicker  repetition  of  them. 

Why  the  fentient  principle,  in  confe- 
quence  of  a  painful  fenfation,  does  not  keep 
fuch  mufcles  as  are  irritated  in  a  continu- 
ed ftate  of  contraction,  but  allows  them 
to  be  alternately  relaxed,  fhall  be  after- 
wards  explained. 

If  the  contraction  of  an  irritated  mufcle 
were  owing  to  the  action  of  the  ftinmlus 
upon  it  as  a  mere  mechanical  organ,  then, 
fo  long  as  the  Jiimulus  continued  to  act 
equably,  the  mufcle  ought  to  remain  c- 
qually  contracted,  and,  upon  its  ceafmp\ 
the  mufcle  ought  to  be  relaxed  ;    or  rather 

the 
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the  mufcle,  upon  the  firft  application  of 
the  ftimulus,  ought  to  be  fuddeniy  contract- 
ed; which  contraction  fholild  become  weak- 
er by  flow  degrees,  till  at  length  the  mufcle 
had  returned  to  its  natural  ftate  of  relaxa- 
tion. If  a  few  drops  of  any  acrid  liquor 
let  fall  on  a  bare  mufcle,  or  pricking  it 
with  a  needle,  excites  it  into  contraction, 
as  a  mechanical  caufe  aCting  upon  a  mecha- 
nical organ  ;  then,  fo  long  as  the  caufe  aCts 
on  the  organ,  the  efFeCt  muft  continue  to 
follow ;  and  if  the  caufe  becomes  gradually 
weaker,  fo  alfo  muft  the  effect,  till  it  ceafes 
altogether,  i.  e.  the  mufcle  ought  not  to  be 
agitated  with  alternate  convulfive  motions ; 
but,  after  its  firft  and  ftrongeft  degree  of 
contraction,  it  fhould  begin  to  lofe  fome  of 
its  force,  and  continue  to  do  fo,  till  it  re- 
turned again  to  its  natural  ftate. 

What  mod  refembles  mufcular  contrac- 
tion from  an  irritation,  is  the  falling  or  clo- 
fing  of  the  leaves  of  the  fenfitive  plant  after 
being  touched :  but  this  equally  happens, 
whether  thefe  leaves  be  touched  with 
the  fharp  point  of  a  penknife,  or  the  blunt 
end  of  a  pencil,  with  a  piece  of  fmooth  wax 

or 
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or  rough  iron*  with  brandy  or  with  water. 
Here,  there  are  no  alternate  contractions 
and  relaxations,  as  in  the  mufcuiar  fibres  of 
animals ;  no  indication  of  feeling  or  of  being 
peculiarly  affected  by  ftimulating  fubftances ; 
but  all  is  effected  by  mere  contact  or  mecha- 
nical itnpulfe.  I  cannot  help  obierving  in 
this  place,  though  foreign  to  my  prefent 
purpofe,  that  the  doling  of  the  leaves  of 
the  fenfltive  plant  upon  their  being  touched, 
cannot  be  owing,  as  fome  have  lately  ima- 
gined, to  the  electrical  matter  ifluing  from 
them  ;  fmce  the  touch  of  wax,  which  repels 
this  matter,  makes  them  ciofe  as  remarkably, 
as  that  of  non-c\c£tv\c  bodies :  nay,  a  piece  of 
wax  itrongly  electrified  by  rubbing,  made 
the  leaves  of  this  plant  quickly  clofe,  by 
attra&ing  them  to  it  with  a  confiderable 
force. 

If  it  be  faid,  that  the  elaftic  fibres  of  the 
mufcles,  or  the  nervous  fluid  fuppofed  to  be 
contained  in  their  cavities,  are  excited  by 
jlimuli  into  ftrong  ofcillations,  which  are 
repeated  till  the  irritation  ceafes,  or  even 
for  fome  time  after ;  I  anfwer, 

M  hi  *■  That 
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ex.  That  it  is  not  eafy  to  conceive  how* 
fuch  Jiimuli  as  do  not  a6t  by  any  mechanical 
force,  but  merely  by  their  acrimony,  fhould 
excite  an  ofcillatory  motion  in  the  fuppofed 
elaftic  fibres  of  the  mufcles,  or  in  the  ani- 
mal fpirits  lodged  in  them.  But  not  to  in- 
fill on  this, 

(3  If  the  motion  of  our  mufcles  from  zfti- 
mulus  were  owing  to  elaftic  vibrations  of  any 
kind  whatever  ;  how  could  the  fpbinfter  pit- 
pillas  and  the  mufcles  of  the  internal  ear, 
continue  uniformly  and  equally  contracted 
for  a  confiderable  time,  which  they  never 
fail  to  do,  when  the  Jiimuli  affedting  them 
a<5t  with  unvaried  force  I  And  why  ought 
they  not  rather  to  be  agitated  by  a  number 
of  quickly  repeated  contractions  ?  Nay,  the 
continued,  uniform  and  equal  contraction  of 
the  voluntary  mufcles  would  be  impoffible, 
if  their  motion  was  owing  to  any  elaftic  os- 
cillations. 

y  If  mufcular  motion  from  a  flimulus 
were  the  effeCt  either  of  the  vibrations  of 
the  nervous  fluid  or  of  the  folid  elaftic  fi- 
bres of  the  mufcles  themfelves,  the  alter- 
nate contractions  of  an  irritated  mufcle,  like 

the 


other  Involuntary  Motions.       275 

the  vibrations  of  elaftic  bodies,  ought  to 
follow  one  another  at  equal  intervals,  nor 
would  they  be  more  flowly  repeated  as  they 
become  weaker,  and   were    about  to  ceafe ; 

which  however  is  the  cafe. -A  mufical 

chord,  a  bell,  or  any  other  elaftic  body,  per- 
forms its  vibrations  in  equal  times,  whether 
it  be  a&ed  upon  by  a  ftronger  or  a  weaker 
force ;  and  its  ofcillations  follow  one  ano- 
ther, from  firft  to  laft,  with  an  equal 
degree  of  fwiftnefs :  In  like  manner  the 
elaftic  pulfes  which  thefe  bodies  communi- 
cate to  the  ambient  air,  fucceed  each  other 
as  quickly  in  diftant  places,  where  the  found 
is  faint,  as  in  thofe  near  the  fonorous  body, 
where  it  is  ftronger.  Since  therefore  the 
alternate  contractions  of  irritated  mufcles  do 
not  follow  the  law  of  the  vibration  of  elaftic 
bodies,  but  become  remarkably  flower  when 
they  decreafe  in  ftrength,  and  before  they 
ceafe  altogether ;  it  follows  with  all  the  force 
of  demonftration,  that  they  cannot  be  owing 
to  any  elaftic  vibrations  excited  in  the  muf- 
cular  fibres,  or  in  the  nervous  fluid  contain- 
ed 
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ed  in  them.     But  of  this  more  fully  after- 
wards*. 

2.  If  it  were  conftantly  obferved,  that 
fuch  mufcles  only  as  had  their  fibres  imme- 
diately afted  upon  by  pimtdi,  were  excited 
into  contraction,  then  indeed  it  might  be 
fufpedted  with  greater  fhew  of  reafon,  that 
fuch  motions  were  no  more  than  a  neceffa- 
ry  confequence  of  the  mechanical  action  of 
thofe  Jiimuli  upon  the  mufcular  fibres :  but 
as  we  find  the  mufcles  of  animals  brought 
into  acftion  without  any  irritation  of  their 
fibres,  whenever  zjlimiilus  is  applied  to  the 
coats, or  membranes  covering  them,  to  the 
nerves  which  are  lent  to  them,  or  to  fome 
neighbouring  or  even  diftant  part,  it  feems, 
abfurd  to  imagine  fuch  motion  owing  to 
the  mechanical  a&ion  of  the  ftimulus  upon 
the  fibres  of  the  mufcle,  and  not  to  the  im- 
preffion  it  makes  on  the  fentient  principle. 
Thus  the  contraction  of  the  fphintter  pupil- 
h  arifing  from  the  aftion  of  light  on  the 
retina,  with  which  it  has  no  communica- 
tion 

*  Vic).  kSi.  xiv.  below  on  the  motion  of  the  mufcles  of  a- 
ftimals  when  feparated  from  the  body. 


other  Involuntary  Motions.      277 

tion  of  nerves,  cannot  poflibly  be  explain- 
ed mechanically,    but   mult    be    owing    to 
fome  fentient  principle  in  the  brain,  which, 
excited  by   the   uneafy  fenfation,    increafes 
the  a&ion  of  the  nervous  power  upon   that 
mufcle-     The  fame  thing   is  alfo    true  of 
the  various  motions  of  the  mufcles  of  the 
malleus  and  ft  apes  from  different  founds  ftri- 
king  upon 'the  auditory  nerve  ;    and  of  the 
motions  of  the  eye-lids  as  often  as  anything 
irritates  the   cornea,   be  it  ever  fo  gently.—* 
The  contraction  of  the  diaphragm  and    in* 
tercoftal  mufcles,  in  confequence  of  an  un- 
eafy fenfation   in  the  lungs,   mull  alfo  be 
owing  to  the  mind  or  fentient  principle  ad* 
ine  at  the  origin   0f   the  nerves,    and   not 
to  any  change  wrought  mechanically   upon 
the  fibres  of  thefe  mufcles,  by  the   difficult 
paifage  of  the  blood  through   the  pulmona- 
ry veffels.     The  violent  action  of  the   dia- 
phragm and  abdominal  mufcles  in  a  tenejmus 
or  ftrangury  is  to  be  explained  in  the  fame 

way.- If  a  fpaik  from  the  fire,  or  a  drop 

of  boiling  water,  falls  upon  one's  foot,  the 
leg  is  inftantly  drawn  in  towards  the  body  ; 
but  as  the  mufcles   employed  in  this  aftion 

are 
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are  thofe  which  run  along  the  thigh,  and 
are  inferted  about  the  head  of  the  tibia, 
it  is  manifefl  that  this  fiimuhu  cannot  excite 
thofe  mufcles  into  contraction  in  confequence 
of  any  mechanical  aclion  upon  them  ;  and 
if  the  fympathy  of  the  nerves,  or  continua- 
tion of  membranes,  (hall  be  alledged  as  the 
caufe  of  this  motion,  it  may  be  juftly  de- 
manded, why  the  mufcles  which  run  along 
the  leg,  and  are  inferted  into  the  foot,  are 
not  more  remarkably  moved  than  thofe  of 
the  thigh,  fince  they  have  a  nearer  con- 
nexion with  that  part  to  which  the  ftimuhs 
is  applied  ;  or  why  the  extenfors  of  the  leg 
are  not  brought  equally  into  adtion  with 
its  flexors.  It  remains  therefore  that  the 
motion  of  the  leg,  in  this  cafe,  be  attributed 
to  the  pain  or  uneafy  fenfation  excited  by 
the  fire  or  boiling  water,  for  avoiding  of 
which  the  fentient  principle  is  inftantly  de- 
termined to  put  the  flexors  of  the  leg  in 
motion,  and  fo  to  remove  the  member  from 
the  offending  caufe.  Nay,  where  the  Jli- 
miihs  is  applied  to  the  membranes  or  tegu- 
ments covering  the  mufcles,  it  feems  highly 
probable,  that    the  fubfequent  contractions 

are 
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are  not  owing  to  any  change  firft  made  on 
their  fibres  :  thus  the  convulfive  motions 
of  the  intercoftal  and  other  mufcles  of  the 
trunk  of  the  body,  which  are  excited  by 
tickling  the  fides,  mud  undoubtedly  be 
afcribed  to  the  mind,  which,  in  order  to 
avoid  the  difagreeable  titillation,  puts  thefe 
mufcles  in  action,  and  not  to  any  immedi- 
ate influence  the  tickling  can  have  on  their 
fibres  ;  otherwife  why  fhould  the  fame  me- 
chanical action  of  our  own,  and  of  another 

perfon's  fingers,  affect  us  fo  differently  ? 

Tincture  of  ipecacuanha  applied  to  the  in- 
ternal furface  of  the  ftomach,  does  not 
feem  to  produce  the  convulfive  contrac- 
tions of  that  organ  in  vomiting,  by  im- 
mediately affecting  its  mufcular  coat,  which 
is  defended  by  the  nervous  and  villous  ones, 
but  by  irritating  its  nervous  papills,  and 
thence  affecting  the  mind  or  fentient  prin- 
ciple. 

StNCE,  therefore,  ftimuli  applied,  not  on- 
ly to  remote  parts,  but  alfo  to  the  mem- 
branes or  coats  immediately  covering  any 
mufcle,  excite  it  into  contraction  by  the  in- 
tervention of  the  mind  ;   is  it  not  reafon- 

able 
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able  to  think,  that  even  when  the  mufcles 
themfelves,  or  a  few  of  their  fibres,  are  irri- 
tated, the  fubfequent  motions  are  owing  to 
the  mind's  being  excited,  from  a  difa^ 
greeable  fenfation,  to  determine  the  influ- 
ence of  the  nerves  more  ftrongly  into 
them  ?  This,  however,  will  ftill  further 
appear,  if, 

3.  We  confider,  that  not  only  an  irri- 
tation of  the  mufcles  of  animals,  or  parts 
nearly  connected  with  them,  is  followed  by 
cbnvulfive  motions ;  but  that  the  remem- 
brance or  idea  of  fubftances,  formerly  ap^ 
plied  to  different  parts  of  the  body,  pro- 
duces almoft  the  fame  effect,  as  if  thofe 
fubftances  themfelves  were  really  prefent* 
Thus  the  fight,  or  even  the  recalled  idea  of 
grateful  food,  caufes  an  uncommon  flow  of 
fpittle  into  the  mouth  of  a  hungry  perfon  ; 
and  the  feeing  of  a  lemon  cut  produces  the 
fame  effect  in  many  people.  —  The  fight 
of  a  medicine  that  has  often  provocked 
vomiting,  nay  the  very  mention  of  its 
name,  will  in  many  delicate  perfons  raife  a 
naufea;  and  they  are  afle&ed  much  in  the 
fame   manner   when   they  behold  any  one 


under 
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under  the  violent  operation  of  an  emetic  — 
The  apprenfion  or  fear  of  having  one's  fides 
tickled,  caufes  almoft  the  fame  motions  in 
the  trunk  of  the  body,  while  another  per- 
fon  threatens  or  attempts  it,  as  tick- 
ling itfelf  would  do,  though  in  a  lefs  de- 


gree. 


Further,  That  many  very  remarkable 
changes  and  involuntary  motions  are  fud- 
denly  produced  in  the  body  by  the  various 
affections  of  the  mind,  is  undeniably  evin- 
ced from  a  number  of  fadls.  Thus  fear 
often  caufes  a  fudden  and  uncommon  How 
of  pale  urine.  Looking  much  at  one  trou- 
bled with  fore  eyes,  has  fometimes  affected 
the  fpe&ator  with  the  fame  difeafe.- — Cer- 
tain founds  occafion  a  fhivering  over  the 
whole  body. — The  noife  of  a  bagpipe  has 
raifed  in  fome  perfons  an  inclination  to 
make  urine. — The  fudden  appearance  of 
any  frightful  object,  will,  in  delicate  peo- 
ple, caufe  an  uncommon  palpitation  of  the 

heart. The  fight  of  an  epileptic  perfon 

agitated  with  convulfions,   has   brought  on 
an  epilepfy ;    and  yawning  is  fo  very  catch- 
ing, as  frequently  to  be  propagated  through 
N  n  whole 
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whole  companies.  In  thefe  cafes,  the  mc^ 
tions  produced  in  the  veffels  of  the  eyes 
or  eye-lids,  in  the  heart,  ftomach  and  blad- 
der, hi  the  feeretory  veffels  of  the  falivary 
glands  and  kidneys,  in  the  mufcles  em- 
ployed in  yawning,  <&c.  cannot  be  owing 
to  the  mechanical  action  of  the  caufes 
above  mentioned  upon  the  fibres  of  the 
parts  moved:  for  what  particular  con- 
nexion is  there  between  the  optic  and  audi- 
tory nerves,  and  thofe  which  ferve  the 
heart,  ftomach,  bladder  of  urine,  mouth, 
falivary  glands,  and  the'  mufcles  which  de~ 
prefs  the  lower  jaw  and  move  the  trunk  of 
the  body  !  AH  the  nerves  do  not  at  lafb 
terminate  in  a  point,  but  in  a  large  fpace 
of  the  brain;  wherefore  the  confent  be- 
tween then*  cannot  be  deduced  from  their 
contiguity,  but  muft  be  owing  to  a  fentient 
pri  ngiple,  which  is  prefent,  at  least, 
wherever  the  nerves  have'  their  origin, 
and  which,  accordingly  as  it  is  varioufly  af- 
fected,- produces  motions  and  changes  m 
different  parts  of  the  body. 

If    then    external    caufes    afFe&ing   the 
brain,  do,  by  the  intervention  of  the  mind 

or 
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or  fentient  principle,  produce  remarkable 
changes  in  the  mufcles  of  fpontaneous  as 
well  as  of  voluntary  motion;  and  if  ihe 
idea  of  ■&  famulus  has,  in  many  cafes,  almoft 
the  fame  eftedt  as  the  thing  itfelf ;  is  it  not 
highly  reafonable  to  think,  that  ftimulating 
lubftances  applied  to  the  mufcles  of  animals 
excite  them  to  contract,  not  by  any  imme- 
diate aiechanical  action  upon  their  fibres, 
not  by  producing  an  unintelligible  explo- 
fion  or  effervefcence,  or  exciting  ftrong  vi- 
brations in  any  ethereal  or  ele&rical  mat- 
ter fuppofed  to  be  lodged  in  thefe  fibres  or 
their  nerves ;  but  by  difagr.eeably  affecting 
the  fentient  principle,  in  confequence  of 
which  itincreafes  the  action  of  the  nervous 
power  upon  the  fibres  of  thofe  mufcles  which 
are  ftimulated.  And  there  is  the  lefs  reafon 
to  hefitate  in  admitting  this  doctrine,  fince 
the  various  phenomena  juft  now  recited 
feem  undoubtedly  to  prove  the  prefence, 
agency  and  very  extenfiye  influence  of 
something  in  the  bodies  of  animals,  of 
a  nature  different  from,  and  of  powers  fu-? 
perior  to  mere  matter,  however  modificd? 
compounded  or  arranged? 

If 
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If  Jlimuli  excite  the  mufcles  of  animals  in* 
to  contraction  by  a£ting  upon  them,  rather 
as  fentient  than  mere  mechanical  or  materi- 
al organs,  it  is  eafy  to  fee,  why  the  mildeft: 
aliment  is  apt  to  occafion  vomiting  when 
the  coats  of  the  ftomach  are  inflamed,  and 
why  the  heart  is  agitated  with  violent  con- 
vulfions  and  palpitations  as  often  as  itfelf, 
or  even  the  pericardium,  is  affe&ed  with  any 
degree  of  inflammation.  In  thefe  cafes  the 
ftomach  atid  heart  are  rendered  extremely 
fenfible  and  impatient  of  any  irritation; 
whence  the  Jlimuli  which  were  in  ufe  to  af- 
feft  them  very  gently,  now  excite  them  in- 
to violent  convulfions. 

It  has  been  obferved  above,  that  thofe 
mufcles  to  whofe  fibres  Jlimuli  are  applied, 
do  not  remain  contracted  for  anyconfiderable 
time,  but  are  agitated  with  alternate  con- 
tractions and  relaxations.  Thus  anv  of  the 
mufcles  of  the  eye,  by  irritating  their  ten- 
dinous fibres  with  the  point  of  a  file,  are  fet 
a  bearing  almoft  like  the  heart  of  an  ani- 
mal affecfted  with  ftrong  palpitations  *.   But 

in 

*  M   Senac  has  fallen  into  a   miftake    with   relpett  to  this 
matter,  when  he  affirms  that  an  irritation  makes   the  mufcles 

of 
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in  mufcles  whofe  contraction  is  owing  to 
the  a&ion  of  a  Jiimulus  upon  fome  diftant 
or  neighbouring  part,  there  is  a  diverfity 
obferved;  fome  of  them  being  uniformly 
contra&ed  while  the  irritating  caufe  lafts, 
others  alternately  contracted  and  relaxed : 
thus  the  action  of  light  and  found  upon  the 

retina 

of  living  animals  only  perform  one  contraction,   although  the 
fame  caufe  produces  many  repeated  contractions  in  the  mufcies 
of  thofe  that  have  been  newly  killed  f;    for,  belides  the  in- 
ftance  of  the  mufcles  of  the  eyes  here  mentioned,  the  heart  of 
an  animal  is  obferved  to  be  agitated  with  violent  and  quickly 
repeated  convulfions  when   it  is  pricked  with  a  fharp  inftru- 
ment  immediately  upon  opening  the  thorax  ;    and,  if  any  other 
mufcle  of  a  living  animal  be  laid  bare,  it  will,  by  irritating  its 
fibres  or  membranes,    be  brought  into  alternate  contractions. 
Aflimulus  therefore  applied  to  the  mufcles  of  animals  excites 
them,   if  it  be  any  ways  confiderable,  into  alternate  repeated 
contractions,    whether  the  animals  be  alive  or  newly  killed ; 
only  the  convulfions  in  the  former  cafe  are  ftronger  and  more 
remarkable  than  in  the  latter.     Nay,  it  will  be  difficult  to  re- 
concile this  fuppofed  difference  in  the  effect  of  an  irritation  on 
the  mufcles  of  living  and  newly  killed  animals,  with  that  prin- 
ciple which  this  learned  author  his  hid  down,  namely, that  the 
contraction  of  an  irritated   mufcle  is  owing  to   the  reaction  of 
the  animal  fpirits  lodged  in   its  fibres,    in  conlequence  of  the 
action  or  impreflion  of  the  flimufut  upon  them  ;    for  there  does 
not  appear  any  reafon  why  the  reacting  power  of  the  animal 
fpirits  fhould  continue  to  exert  itfelf  longer  or  more  remarkably 
;n  the  mufcles  of  dead  animals,  than  in  thofe  of  living  ones, 
f  Traitc  du  sceur,  vol.  i.  p.  4; 3. 
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retina  and  auditory  nerves,  produces  an  e- 
quable  conftant  contraction  of  the  jphinder 
pupill<e  and  mufcles  of  the  internal  ear  5 
while  an  irritation  of  the  membrane  of  the 
nofe  and  trachea  is  followed  by  alternate 
convulfive  motions  of  the  njufcles  of  refpi- 
ration ;  and  a  titillation  of  the  inferior  ex- 
tremity of  the  gullet,  by  repeated  contrac- 
tions and  relaxations  of  the  diaphragm. 

These  very  different  effects  of  Jlimuli  ou 
different  mufcles  and  organs  of  the  body, 
which  I  may  venture  to  pronounce  altoge- 
ther inexplicable  upon  any  mere  mechani- 
cal theory,  are  eafily  accounted  for  from 
the  principles  already  laid  down  :  for  if  the 
contraction  of  an  irritated  mufcle  be  owing 
to  the  uneafy  fenfation  excited  by  the  Jii- 
mukiSy  as  often  as  the  firft  contraction  does 
not  remove  this,  the  mufcle  will  be  agitated 
with  alternate  convulfions,  as  being  mod 
proper  to  throw  off  the  irritating  caufe.  If 
indeed,  by  the  firft  contraction,  the  difa^ 
greeable  fenfe  of  irritation  be  quite  remo- 
ved, no  further  motion  follows ;  but  if  it 
ft  ill  remains,  new  convulfive  contra&ions  will 
fucceed,  and  cojitinue  to  be  repeated  alter-? 

nately, 
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nately,  till  the  fiimulus  either  ceafes  entire- 
ly, and  is  no  longer  felt,  or  becomes  too 
weak  to  produce  a  new  contraction.  But 
when  the  contraction  of  any  mufcle  occa- 
sioned by  the  aCtion  of  a  ftimulus  on  a 
neighbouring  part,  would,  if  it  was  alter- 
nate, neither  tend  to  remove  the  irritation, 
nor  render  the  mind  lefs  fenfible  of  it,  in 
that  cafe  no  fudden  relaxation  follows,  but 
the  mufcle  remains  equally  contracted  as 
long  as  the  ftimulating  caufe  continues  the 
fame.  Let  us  now  fee  how  this  general 
doCtrine  cati  be  applied  to  the  different 
Spontaneous  motions  of  animals. 

The  alternate  contractions  and  relaxa- 
tions of  the  mufcles  of  refpiratiori  in  freezing, 
are  moil  wifely  adapted  to  remove  the  irri- 
tating caufe  from  the  membrane  of  the 
nofe,  and  to  leffen  the  uneafy  fenfation  ari- 
fing  from  it:  jf,  by  the  air,  firft  ftronglyin- 
fpired  and  immediately  after  more  forcibly 
expelled  through  the  nofe,  the  'fiimulus  af- 
feCting  its  nerves  be  removed,  no  new  con- 
traction enfues ;  if  not,  the  aCtion  of  fnee- 
zing is  (till  repeated,  till  the  titillation  in  the 
nofe  ceafes,  or  becomes  too  weak  to  produce 

a 
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a  new  convulfion.  In  fneezing,  infpiration  is 
only  performed  in  order  to  make  way  for 
the  fucceeding  violent  expiration,  which 
moft  effe&ually  removes  the  uneafy  fenfa- 
tion  or  irritating  caufe  ;  at  the  fame  time, 
the  ftrong  and  fudden  contraction  of  the  in- 
fpiratory  mufcles,  a&s,  partly,  as  a  kind  of 
jlimulus  in  exciting  the  fubfequent  convul- 

five  motion  of  the  expiratory  ones, The 

alternate  contractions  of  the  diaphragm  in 
the  hiccup,  and  of  the  mufcles  of  refpira- 
tion  in  coughing,  evidently  tend  to  remove 
or  leffen  the  uneafy  fenfation  in  the  gullet 
and  trachea,  and  are  therefore  not  continu- 
ed, but  interrupted  by  alternate  relaxations. 
On  the  other  hand,  a  ftrong  irritation  of 
the  intejlimim  reffum,  from  too  great  a  quan- 
tity of  excrement,  produces  a  continued 
contraction  of  the  abdominal  mufcles  and 
diaphragm,  becaufe,  in  this  cafe,  the  con- 
traction of  thefe  mufcles  lias  no  effect  to  lef- 
fen  the  uneafy  fenfation,  till  the  faces  are 
expelled.  'Tis  true  indeed,  that  when  one 
is  coftive,  feveral  efforts  of  the  diaphragm 
and  abdominal  mufcles  are  required  before 
any  of  the  excrement  is  expelled ;   but  the 

aCtion 
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action  of  thefe  mufcles  is,  in  this  inftance, 
interrupted,  not  on  account  of  the  irrita- 
tion in  the  rettum,  but  in  order  to  carry  oa 
reipiration,  which  cannot  long  be  fufpend- 
ed  without  occafioning  a  mod  uneafy  fenfe 
of  fuffocation  in  the  lungs,  by  which  we 
are  more  itrongly  affected  than  by  the  Jli- 
mulus  of  the  fasces. 

The  caufes  which  produce  the  erection 
of  the  penis  %  though  they  be  generally 
excited  into  action  by  the  ftimulus  of  the 
feed,  yet  do  not  aft  by  alternate  fits,  be- 
caufe  the  erection  has  no  immediate  effeft 
to  leflen  the  ftimulating  caufe:  but  the 
contraction  of  the  mufculi  ejaculatores  feminis 
is  alternate,  becaufe  by  each  convulfive  mo- 
tion,   the  femen,  it  e.  the  irritating  caufe, 

is   expelled.- The   orbicular    mufcle    of 

the  uvea,  and  the  mufcles  of  the  malleus  and 
ftapes,  remain  equally  contracted,  while  the 
fame  degree  of  light  and  found  is  applied 
to  the  eye  and  ear,  becaufe  their  contrac- 
tion does  not  hinder  thefe  caufes  from  act- 
ing uniformly  and  equally  upon  the  retina 
O  o  and 

*  See  above,   Sea.  vi.  N°  4. 
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and  auditory  nerve  ;  but  no  fooner  is  more 
or  lefs  light  applied  to  the  eye,  or  a  ftrong- 
er  or  weaker  found  to  the  ear,  than 
thefe  mufcles  are  more  contra&ed  or  fome- 
what  relaxed. — With  refped  to  the  heart, 
as  the  returning  blood  or  irritating  caufe  ifr 
alternately  received  into  its  cavities  and  ex- 
pelled out  of  them,  it  is  eafy  to  fee  why 
it  fhould,  like  the  ejaculatores  Jeminis,  be  a- 
gitated  with  regular  alternate  contractions. 
And  as,  by  the  Jyjiole  of  every  portion  of 
the  guts*  the  air,  aliments,  Sfc-are  pufhed 
into  the  fucceeding  ones,  the  motion  here 
muft  alfo  be  alternate;  only  not  fo  equal 
and  regular  as  in  the  heart,  where  the  al- 
ternate action  of  the  irritating  caufe  is  more 
uniform  and  unvaried.  On  the  other  hand, 
the  bladder  in  expelling  the  urine,  ads  not 
alternately,  becaufe  the  ftimulus  remains  pre- 
fent  with  it,  and  an  alternate  motion  of  that 
organ  would  not  have  been  fo  well  adapted 
for  the  expulfion  of  the  urine  as  its  continu- 
ed contraction. 

When    the  fibres  of  a  mufcle  are  irrita- 
ted, by  tearing  them  with  a  fharp  inftru- 

ment 
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meat  or  otherwife,  a  ftrong  convulfive  con- 
traction inftantly  enfues ;    which  is  fudden- 
ly  followed  by  a  relaxation,   becaufe  an  uni- 
form continued  contraction  would  not  be  fo 
well   fitted  to  drive  off  the  offending  caufe 
from  the  mufcle,   as  alternate  contractions 
and  relaxations :    and  we  are  fo  framed  by 
the  all- wife  Author  of  nature,   as  fpon- 
taneoufly,    and  without  any  previous  refle- 
xion, to  perform  thofe  motions  and  actions 
which  tend  moft  effectually  to  the  preferva- 
tion  of  our  bodies.     It  is   probable,  howe- 
ver, that  the  alternate  relaxations  of  irrita- 
ted mufcles  may  be  owing   to   the  uneafy 
fenfation's  being  fome  way  leffened  by  each 
contraction  *,   on  account  of  which,    the 

fentient 

*  If  any  one  doubts  that  the  difagreeable  fenfation,  excited 
by  the  initation  of  a  mufcle,  will  be  iefs  lenfi'bly  perceived  du- 
ring its  contraction,  Let  him  conilder  that  brutes,  by  the  mo- 
tion of  their  panriiculus  ccirmfust  not  only  drive  off  moft  effec- 
tually flies  and  other  infecls  which  vex  them,  but,  -by  the  very 
acYion  of  this  mufcle,  feem  to  be  rendered  lefs  fenfible  of  the 
tickling.  That  friclion  of  a  part  lehens,  in  the  mean  time,, 
any  itching  or  painful  fenfation  in  it ;  and  that  people,  whofe 
bodies  are  uneafy,  often  change  poftures,  becaufe,  during  the 
motion  of  the  parts  necelTary  to  this  change,  they  are  leis  &&? 
ftWe  ,of  the  unealinefs. 
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fentient  Principle,  as  being  now  lefs  af- 
fected, immediately  allows  the  mufcle  to  be 
relaxed.  This  is  manifeftly  the  cafe  in  the 
hiccup,  where  the  convulfions  of  the  dia- 
phragm weaken  or  fufpend,  for  fome  little 
time,  the  fenfe  of  irritation  in  the  inferior 
extremity  of  the  gullet*  The  relaxations, 
however,  of  ftimulated  mufcles  do  not  laft 
for  any  confiderable  time,  but  are  quickly 
fucceeded  by  new  contractions,  becaufe  the 
painful  fenfation  foon  begins  again  to  affect 
the  mind  more  ftrongly :  but  as  the  irrita- 
tion becomes  gradually  weaker,  thefe  alter- 
nate contractions  will  not  only  grow  feebler 
but  fucceed  one  another  more  flowly  ;  for 
while  the  irritation  is  ftrong,  the  mufcle  is 
no  fooner  relaxed,  than  its  contraction  is 
immediately  renewed  :  whereas  a  weaker 
flimulus  requires  a  longer  time  to  operate, 
before  it  excites  fuch  an  uneafy  fenfation 
as  is  required  to  produce  a  convulfive  con- 
traction of  the  part.  Thus  when  the  tho- 
rax of  a  living  animal  is  laid  open,  and  the 
heart  is  pricked  with  a  fharp  inflrument,  its 
contractions  are  greatly  quickened;  nay, 
they  return  fo  frequently,  that,  during  their 

remiflion, 
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remiffion,  very  little  blood  enters  the  ven- 
tricles.    Hence  the  fides  of  the  heart  make 
very  fmall  motions  at  firft,  nor  are  they  e- 
ver  fully  dilated,  their  contractions  being  re- 
peated almoft  as  foon  as  their  diaftole  be- 
gins ;  but  when  the  impreffion  of  the  ftimulus 
begins  to   be   weakened  confiderably,   the 
contractions  and  relaxations  of  the  heart 
being  performed  more  flowly,  the  blood  has 
time  to  dilate  the  ventricles  more,  whofe 
fides,  therefore,  now  make  larger  and  more 
fenfible  motions.    From  what  has  been  faid, 
it  is  eafy  to  fee,  why,  if  the  blood  be  ren- 
dered acrid,  or  the  heart  much  more  irrita- 
ble than  ufual,  the  pulfe  becomes  fmall,  flut- 
tering and  quick. 

While  therefore  the  voluntary  mufcles, 
which  are  contracted  in  confequence  of  an 
effort  of  the  will,  remain  in  that  ftate  as 
long  as  the  will  continues  to  determine  the 
influence  of  the  nerves  into  their  fibres .;  ir- 
ritated mufcles,  whofe  contraction  is  owing, 
not  to  will  or  choice,  but  to  an  uneafy  fen- 
fation,  are  entirely  regulated  by  this;  and 
as  each  contraction  tends  to  leflen  the  dif- 

agreeable 
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agreeable  perception,   they  will  be  agitated 
with  alternate  convulfions, 

Upon  the  whole,  as  nature  never  mul- 
tiplies caufes  in  vain,  it  feems  quite  unphi- 
lofophical  to  afcribe  the  motions  qf  the 
xnufcles  of  animals  from  Jlimidi  to  any  hid- 
den property  of  their  fibres,  peculiar  activi- 
ty of  the  nervous  fluid,  or  other  unknown 
caufe ;  when  they  are  fo  eafily  and  naturally 
accounted  for,  from  the  power  and  energy 
of  a  known  fentient  principle. 


SECT.     XL 

Of  the  /hare  which  the  mind  has  in  producing 
the  vital  and  other  involuntary  motions  of 
animals. 

THAT  all  the  motions  of  animals  were 
by  fome  of  the  ancient  philofophers 
afcribed  to  the  energy  of  a  living  principle 
wholly  diftima,  as  to  its  nature,  from  the 
body,  the  pafTage  of  Cicero  prefixed  to  this 
Eflay  clearly  Ihews.  And  it  was  the  diffi- 
culty 
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culty  of  accounting  for  the  motion  of  the 
heart  from  mechanical  principles  alone, 
which  made  no  lefs  a  philofopher  among 
the  moderns  than  Borelli  doubt,  whether  it 
were  not  rather  owing  to  the  mind,  than 
to  any  natural  neceffity  arifmg  from  the 
ftrudhire  of  that  organ  or  its  nerves  8.:  The 
great  Mr  Leibnitz,  in  a  letter  to  Michelloti, 
goes  ftill  further,  and  fuppofes  that  the  na- 
tural motions  may  be  owing  to  fome  im- 
preffions  made  on  the  mind,  although  we 
are  no  ways  confcious  of  thefe  f .  It  is  true 
Dr  Stabl,  by  extending  the  influence  of  the 
foul,   as  a  rational   agent,   over  the  body  a 

great 

*  De  motu  animal    part  2   prop    79.  &  80. 

•f  Mtchellot.  de  feparatione  fluidor    p    351. 

Indeed,  ftrictly  fpeaking,  it  is  inconfiftent  with  Mr  Leibnitz's 
principles  to  afcribe  any  of  our  motions,  either  voluntary  or 
involuntary,  to  the  mind  ;  fince,  according  to  his  pre-eftablifti- 
ed  harmony,  the  foul  neither  acts  on  the  body,  nor  is  affetfed 
by  the  impreflions  of  external  objects.  This  ingenious  fable, 
however,  which  novelty,  I  fuppofe,  at  firft  recommended,  has 
been  fo  fully  refuted  by  Mr  Bayle  and  others,  as  to  make  it 
needlefs  for  us  to  attempt  to  mew  its  weaknefs :  but  we  cannot 
help  obferving,  that  it  is  matter  of  wonder  how  a  doctrine, 
which  explains  nothing,  and  is  loaded  with  fo  many  difficul- 
ties, mould  ftill  have  any  advocates. 
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great  deal  too  far,  and  thus  carrying  this 
dodtrine  beyond  all  reafonable  bounds,  has 
been  the  occafion,  why  it  has,  for  many- 
years,  been  looked  upon  rather  as  a  fubjedt 
of  ridicule,  than  deferving  a  ferious  and  ra- 
tional anfwer.  However,  that  the  motion 
of  the  heart  and  circulation  of  the  blood, 
are  altogether  inexplicable  upon  principles 
purely  mechanical,  there  are  arguments 
a  priori  which  feem  to  demonftrate  *.  But, 
as  this  kind  of  reafoning,  in  mattefs  not 
capable  of  flrid  demonftration,  frequently 
betrays  us  into  error  and  miftakes,  we  fhali 
further  endeavour  to  vindicate  this  opinion 
from  the  mod  plaufible  objeftions  which 
may  be  brought  againft  it ;  and  at  the 
fame  time  fhew  by  a  variety  of  arguments  a 
pofierioriy  chiefly  of  the  analogical  kind, 
that  the  vital,  as  well  as  the  other  involun- 
tary motions  of  animals,  are  dire&ly  owing 
to  the  immediate  energy  of  the  mind  or 
fentient  principle. 

The 

*  See  Edinburgh  Medical  Eflays,  vol.  4.  art.  14.  where  an  ar- 
gument of  this  kind  has  been  propofed  with  great  ftrength 
and  perfpicuity  by  the  learned  Dr  Ptrttrficlck 
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The  chief  power  propelling  the  blood 
through  all  the  veflels  of  the  body,  is  the 
contraction  of  the  heart.  But  from  Dr 
Haksh  experiments  it  appears,  that,  in  eve- 
ry circulation,  the  blood  lofes  -f~  of  the  mo- 
nientum  communicated  to  it  by  the  left  ven- 
tricle of  the  heart  * ;  wherefore  there  mud 
be  in  every  animal  fome  caufe,  which  re- 
pairs this  lofs  of  motion  arifing  from  fric- 
tion, &c.  u  e.  a  caufe  generating  motion  ; 
but,  as  has  been  obfervcd  above,  matter,  in. 
its  own  nature  inert,  is  incapable  of  this. 
Further,  fuch  animals  as  lie  in  a  dead  in- 
adlive  ftate  during  the  cold  winter-feafon, 
and  wfaofe  Mood  has  loft  all  its  motion,  may 
at  any  time  be  reftored  to  life  by  warmth ; 
which  rarifying  their  ftagnating  fluids,  and 
communicating  to  them  a  fmall  degree  of 
inteftine  motion,  excites  the  heart  into 
adtion  ;  whofe  motion,  though  it  be  at  firfl 
very  languid,  yet  gradually  gains  ftrength, 
till  at  laft  it  arrives  at  its  wonted  vigour* 
As,  in  this  cafe,  the  renewal  of  the  heart's 
motion,  and  its  gradual  increafe,  cannot  be 

explained 

*  Statical  Eflays,  v.oL  2„ 

pP 
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explained  from  any  mechanical  principles ; 
fince  we  have  not  only  a  caufe  producing 
an  effecft  greater  than  itfelf,  but  alio  an  effect  , 
increafing  by  degrees,  and,  as  it  were,  of 
its  own  accord  :  it  follows,  that  there  is  in 
thefe  animals  fome  living  principle,  which 
being,  by  the  ftimulus  of  warmth,  roufed,  as 
we  may  fay,  out  of  a  flate  of  indolence, 
brings  into  gentle  contractions  the  ftnus  ve- 
nofi,  auricles  and  ventricles  of  the  heart ; 
which  are  parts  of  the  body  mod  fenfible 
of  the  irritation  of  the  fluids  when  rarified 
and  agitated  by  heat. 

The  contraction  of  the  heart,  fo  far  as 
it  is  owing  to  a  material  caufe,  feems  to 
proceed  from  the  action  of  the  nervous 
power  upon  its  fibres:  but  as,  perhaps, 
Vo-o^ol  Part  °f  the  blood  thrown  out  by  the 
left  ventricle  of  the  heart,  does  not  return 
to  it  again  in  the  form  of  vital  fpirits,  as 
they  are  called  ;  and  as  the  motion  of  this 
fluid  mud  be  incredibly  diminifhed  by  its 
paflage  through  the  vaftly  fubtile  veffels  of 
the  cerebellum,  <&c.  there  can  be  no  force  in 
thefe  fpirits  derived  from  the  lad  fyjiole  of  the 
heart  fufHcient  to  produce  a  new  contrac- 
tion 
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tion  of  this  mufcle,  fince  no  caufe  can  gene- 
rate an  effect  greater  than  itfelf. 

Again,  The  human   body,    in  which 
there  is  no  mover  that  can  properly  be  cal- 
led first,    or  whofe  motion  depends  not 
on  fomething  elfe,  is  a  fyftem  far  above  the 
power  of  mechanics.       The  contra&ion  of 
the  heart  is  indeed  the  caufe  of  the  blood's 
motion,  and  confequently  of  the  fecretion 
of  the  fpirits  (as  is  fuppofed)    in  the  cerebel- 
lum, &c.  ;    but   without  thefe  fpirits,  this 
a&ion  of  the  heart  could  not  be  performed  : 
thefe  two  caufes,    therefore,   truly  act  in  a 
circle,    and  may  be  confidered  mutually  as 
caufe  and  efFefh     Whence  it  is  incumbent 
on    thofe    Philofophers    who    afcribe    the 
heart's  motion  to  mechanical  caufes  alone, 
to  demonstrate  the  poffibility  of  a  perpetu- 
um  mobile,  fince,  as  long  as  life  lads,  an  ani- 
mal is  really  fuch.     But  as  a  perpetual  mo- 
tion is,    in  the  opinion  of  the  ableft  Philo- 
fophers,   above  the  powers   of  mechanifm, 
and   inconfiftent  with  the  known   laws  of 
matter  and  motion  *,   we  mud  be  allowed 

to 

*  u  Ex  calculo  mechanico  liquet  omnem  de  motu  perpetuo 
€t  qusftionem  eo  redire,  ut  inveniatur  pondus  feipfo  ponderofi.. 
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to  conclude,-  that  the  contra&ion  of  the 
heart,  and  the  propulfion  of  the  blood 
through  the  body,  and  confequently  the 
continuance  of  life,  are  not  owing  to  any 
mechanical  or  even  material  caufes  alone, 
but  to  the  energy  of  a  living  principle  ca- 
pable of  generating  motion. 

How  far  the  mind  is  really  concerned  in 
the  motion  of  the  heart,  may  eafily  appear 
from  what  has  been  already  offered  in  the 
preceding  Sections  ;  where,  if  I  miftake  not 
it  has  been  fhewn,  beyond  doubt,  that  the 
eontra&ion  of  the  heart  is  owing  to  the  re- 
turning venous  blood  a&ing  as  a  Jlimulus 
upon  it  ;  and  made  highly  probable,  both 
from  reafon  and  analogy,  that  a  (limu- 
lus  excites  our  mufcles  into  motion,  only 
as  they  are  animated  by  a  fentient  prin* 
ciple.  Whence  it  muft  follow,  that  the  al- 
ternate contractions  of  the  heart  are  in  no 
other  fenfe  owing  to  the  irritation  of  the  re- 
turning blood,  than  as  the  mind  or  fenti- 
ent  principle  is,  by   this,    excited  to    in- 

creafe 

«  us,  vel  vis  elaftica  feipfa  fortior/'      Clarkii  not.  in  Rohault* 
phytic.  §  I.  cap.  22. 
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creafe  the  a&ion  of  the  nerves  upon  its 
fibres. 

This  dodtrine  of  the  alternate  motion 
of  the  heart  as  proceeding  from  the  power 
of  the  mind,  excited  into  a&ion  by  \hejii- 
tnulus  of  the  returning  venous  blood  admit- 
ted into  its  Cavities,  is  greatly  ftrengthen- 
ed  by  the  account  we  have  given  of  the  al- 
ternate motions  of  refpiration,  of  the  con- 
tractions of  the  mufcles  of  the  internal  ear 
and  of  the  pupiL  Thefe  we  have  clearly 
ibewn  to  proceed  from  the  mind,  as  affedled 
by  *  JlimutuSt  and  to  be  altogether  inexpli- 
cable upon  principles  merely  mechanical. 
The  firft  of  thefe  motions  [viz.  refpiration) 
agrees  with  that  of  the  heart,  in  being  per- 
formed whether  we  attend  to  it  or  no,  and 
whether  we  fleep  or  are  awake  ;  although 
it  differs  from  the  motion  of  the  heart,  in 
being  under  the  dominion  of  the  will- 
The  motions  of  the  iris  from  light,  and  of 
the  mufcles  of  the  ear  from  various  founds, 
differ  from  thofe  of  the  heart,  as  they  arc 
not  vital,  nor  continually  and  alternately 
excited  by  caufes  within  the  body,  but  ow- 
ing to  external  caufes  acting  at  particular 

times 
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times  on  the  organs  of  fight  and  hearing  : 
thefe  mufcles,  however,  exa&ly  agree  with 
the  heart  in  this,   that  their  motions  are 
altogether  involuntary,  and  cannot  be  con- 
trolled by  any  immediate  effort  of  the  will. 
Since  then,   in  the  mufcles  of  refpiration, 
we  have  an  inftance  of  a  vital,  though  not 
altogether  involuntary  motion,  proceeding 
from  the  mind  ;  and,  in  the  mufcles  of  the 
uvea  and  ear,  examples  of  motions,  which, 
though  not  vital,  are  yet  wholly  involun- 
tary,  owing  to  the  fame  caufe  ;  may  we 
not,  if  it  be  in  the  leaft  allowable  to  argue 
from   analogy,    fafely  conclude,    that  the 
contraction  of  the  heart,  which  is  both  vi- 
tal  and  involuntary,   is  ultimately  to  be  re- 
ferred to  thefentient  principle  excited  tdpul 
this  mufcle  in   motion  by  the  irritation  of 
the  venous  blood  acting  upon   it  alternate- 
ly ?     What  has  been  faid  of  the  motion  of 
the  heart,  as  proceeding  from  the  mind,  is 
equally  applicable   to   the   periftaltic   mo- 
tion of  the  ftomach  and  inteflines,  and  to 
the  reft  of  the  vital  or  involuntary  mo- 
tions. 

Although 
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Although  what  has  been  already  of- 
fered, might  be  fufficienc  to  fhew,  that  all 
the  motions  of  animals,  involuntary  as  well 
as  voluntary,  are  fome  way  owing  to  the 
mind  ;  yet  as  this  doftrine  may  appear  to 
fome,  who  have  always  been  ufed  to  think 
in  a  different  way,  as  befet  with  many 
difficulties ;  and  as  there  may  not  be  want- 
ing thofe,  who  are  unhappily  more  tena- 
cious of  received  opinions  than  willing  to 
embrace  fuch  as  are  true  ;  we  fliall  briefly 
obviate  fome  of  the  ftrongeft  objections, 
which,  at  firft  fight,  feem  to  lie  againft  it; 
and  this  we  fliall  do  the  more  willingly, 
as  an  opportunity  will  hence  be  afforded  us 
of  illuftrating,  ftill  further,  the  nature  and 
caufe  of  the  involuntary  motions  of  animals. 

Objection  I.  It  may  be  faid,  that,"  while 
we  afcribe  the  vital  and  other  involuntary 
motions  of  animals  to  the  mind,  we,  in  fail, 
attribute  them  to  a  power,  whofe  nature 
and  manner  of  adling  we  are  ignorant  of*, 

Anjhver.  That  there  is  united  to  the 
bodies  of  men  and  animals  an  a&ive,  living, 
fentient  principle,  which  is  the  caufe  of  vo- 
luntary 

*  Senac  Traite  du  coeur,  vol,  !.  p.  a at.  &  445. 


304  Of  the  Vital   and 

luntary  motion,  it  may  be  hoped  there  are 
few  Philofophers,  now  a-days,  fo  minute 
as  to  deny  :  and,  if  it  be  thought  no  ab- 
furdity  to  afcribe  voluntary  motion  to  the 
energy  of  the  mind,  though  we  do  not  un- 
derftand  its  nature  or  manner  of  operation, 
why  fhould  it  be  reckoned  fuch,  to  derive 
the  vital  and  other  involuntary  motions  from 
the  fame  fource  ;  efpecially,  when  a  varie- 
ty of  phenomena  and  the  ftrongeft  analogy 
concur  in  fupporting  this  opinion  ?  That 
there  is  fuch  a  thing  as  gravity,  or  attrac- 
tion betwixt  the  parts  of  matter,  is  a  thing 
not  to  be  doubted  of,  becaufe  we. fee  its 
efFedis,  though  its  caufe  be  unknown  :  and, 
if  Philofophers  make  ufe  of  this  power  eve- 
ry day,  ,with  thegreateft  juftice,  in  order  to 
explain  \he  phenomena  of  nature,  why  fhould 
it  not  be  thought  equally  reafonable  to 
have  recourfe,  in  accounting  for  the  motions 
and  adtions  of  an  animated  body,  to  the 
power  and  energy  of  the  mind,  which  we  are 
fure  is  always  prefent  with  it,  and  in  num- 
berlefs  inftances  operates  upon  it  ?  In  an 
attempt  to  account  for  thefurprifing  opera- 
tions and  effeds  of  an  inanimate  machine, 

it, 
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it  would  be  thought  highly  ridiculous  to 
have  recourfe  to  the  agency  of  an  immate- 
rial living  principle :  and  muft  it  not  be 
equally  fo,  to  banifh  the  coniideration  of 
mind  in  explaining  the  phenomena  of  an  a- 
nimated  fyftem  ;  or  to  endeavour  to  de- 
duce its  moft  remarkable  motions  from  the 
mere  material  part  ? 

There  is  no  need  of  understanding  the 
nature  of  the  foul,  or  the  way  in  which  it 
acts  upon  the  body,  in  order  to  know  that 
the  vital  motions  are  owing  to  it  :  it  is  fuf- 
ficient,  if  we  know  from  experience,  that  it 
feels,  is  endued  with  fenfation,  and  has  a 
power  of  moving  the  body  *• 

Every  attempt  hitherto  made  towards 

deducing  the  vital  motions  of  animals  from 

powers  wholly  material,  has  been  unfatisfa- 

ctory  ;  and,  I  may  venture  to  fay,  will  be  for 

Q^  q  ever 

*  The  reader  will  eafily  perceive,  that  the  objection  againfl 
deriving  the  vital  motions  from  the  mind,  becaufe  we  are  not 
fully  apprifed  of  its  nature  and  manner  of  acting,  may  be  re- 
torted with  double  ftrength  upon  thole,  who  afcribe  the  con- 
traction of  the  heart  to  fome  latent  power  in  it,  or  to  the. 
ofcillations  of  an  unknown  fluid  fuppofed  to  be  lodged  in  its,, 
fibres  and  nerves  *. 

*  Senac  trait e  <3n  coevir,  vol.  i.  p.  434.  &    $*. 
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ever  vain  :  fince  it  has  not  only  been  proved, 
that  they  are  above  the  force  of  median  ifm, 
but  alfo  that  the  fuppofition  of  any  mere 
materia}  powers  being  their  caufe,  is  by  no 
means  fuitable  to  the  phenomena  we  obferve. 
Nor  can  I  conceive  the  reafon  why  Phyfici- 
ans  have  laboured  fo  long  in  accounting  for 
the  action  of  the  heart  and  other  vital  mo- 
tions of  animals,  from  the  powers  and  pro- 
perties of  body  independent  of  mind  :  if  it 
be  not,  that  in  fome,  the  leaven  of  Cartefi- 
anifm  ftill  continues  to  work;  in  others,  a 
too  great  fondnefs  for  mechanical  reafon- 
ing  in  Phyfiological  matters  ;  and  in  both, 
a  contempt  of  the  extravagant  notions  of 
Stahl  and  his  followers,  with  regard  to  the 
manner  in  which  the  mind  regulates  all  the 
actions  of  the  body  *. 

Many 

*'  I  have  not  met  with  any  author,  who  has  embraced  the 
Stahlian  doctrine  with  lefs  referve,  or  carried  it  to  a  more 
furprifing  height,  than  the  learned  Dr  Nicbolh,  in  his  elegant 
Prelection  de  Amma  ?nedica.  According,  to  him,  the  foul  at 
firft  forms  the  body,  and  governs  it  ever  after,  carrying  on 
and  regulating  all  its  vital  and  natural  motions;  diftributing 
the  fluids  with  greater  or  lefs  force  to  its  feveral  parts,  and  ex- 
citing in  them,  from  time  to  time,  fuch  commotions  and 
changes,    as  (he  fees  molt   proper  for  removing   their  various 

diforders. — 
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Many  Philofophers  have  fuppofed  two 
diftindt  principles  in  man  ;  one  of  which 
has  been  called  the  anima,  or  foul ;  the 
other,  the  animus,  or  mind  ;   by  the  former, 

they 

diforders. — -He  afcribes  it  to  the  prudence  of  the  foul,  that 
thefeme?i  is  not  perfected  in  males,  till  the  body  hath  acquired 
ftrength  and  vigour  fufficient  for  the  work  of  generation  :  and 
he  finds  a  wonderful  inftance  of  her  fagacity,  in  the  flow  and 
gradual  eruption  of  the  fmall-pox  ;     as  the  force  of  the  difeafe 

is  hence  divided,  and  its  danger  greatly  lefTened. When  the 

body  is  difordered,  or  exhaufted  with  fatigue,  the  foul  frequent- 
ly hides  herfelf  in  fleep,  and  retires  from  external  things,  in 
order  that  (he  may  be  more  at  leifure  to  recruit  the  body,  or 
to  rectify  what  has  happened  amifs  in  it ;  and  hence  the  in- 
clination to  fleep  after  child-bearing  :  hence,  alfo,  the  frequent 
fleeping  of  infants;  whole  anima,  it  feems,  is  Co  taken  up  with 
directing  and  governing  the  vital   motions,   that  it  has   little 

time  to  attend  to  any  thing  elfe. The  foul,  however,  feems 

to  neglect,  in  a  great  meaiure,  this  province,  as  often  as  (he  is 
too  much  diftraeted  with  external  things ;  and  hence  it  is,  that 
health  is  fo  much  impaired  by  fear,  forrow,  love,  and  other 
more  violent  paffions  :  nor  is  (he  without  her  wilful  and  fro- 
ward  fits;  as  appears  from  her  fending  the  milk  back  into  the 
blood  from  the  breads  of  pregnant  women,  whcfe  fcetufes  fhe 
had  only  fancied  were  fuddenly  dead,  and  from  her  not  deri- 
ving into  them  again  thofe  nourifhing  ftreams,  when  living 
children  are  really  born  ;  as  if,  for  her  part,  (he  had  rather 
they  were  ftarved,  than  that  (he  herfelf  mould  feem  to  have 
been  under  imftakes.— In  fevers,  the  fudden  failing  of  the 
ftrength  and  piAie  ought,  we  are  told,  to  be  regarded  by  us  as 
%ns  of  the  defpairing  foul's  difcontinuing  her  care  of  the  body, 

and 
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they  underftood  the  principle  of  life  and 
fenfe  influencing  the  vital  motions ;  and  by 
the  latter,  the  feat  of  reafon  or  intelligence. 
According  to  them,  we  have  the  anima,   or 

vital 

and  being  Toon  about  to  relinquish  it  :  nay,  fometimes,  like  a 
mean  and  filly  coward,  (he  (inks  even  under  fuch  difeafes,  as, 
in  their  own  nature,  are  not  at  all  deadly  ;  and,  through  falfe 
alarms,  fhe  is  either  thrown  into  a  great  hurry  and  trepidation, 
which  urges  her  to  make  wild  work  of  it,  and  to  do  much  mif- 
chief ;  or  elfc  (lie  becomes  very  backward  and  remifs  in  her  en- 
deayours  to  preferve  the  body,  and,  as  if  it  were  a  field  not 
worth  keeping,  foolimly  deferts  it :  though,  were  (he  but  al- 
ways wife  enough,  and,  neglecting  things  of  lefs  moment,  were 
folely  intent  on  the  prefervation  of  the  body,  (he  could,  if  we 
may  believe  the  Doctor,  not  only  prevent  difeafes,  as  far,  at 
leaft,  as  they  proceed  from  internal  caufes,  but  protract  al(b 
the  life  of  man,  it  may  be,  to  a  thoufand  years:  a  term 
greatly  beyond  what  the  Adepts  promifed  themfelves  from 
their  aurum  potalilc,  or  universal  remedy. 

But,  as  this  account  of  the  agency  of  the  foul,  and  of  its 
power  over  thefbody,  fcarCely  feems  to  demand  a  ferious  an- 
swer, 1  (hail  only  obferve,  that  to  imagine  the  foul  mould, 
with  the  wifeft  views  and  in  the  mod  (kilful  manner,  at  firft 
form  the  body,  (a  work  far  above  the  utmofl:  efforts  of  human 
art  and  contrivance  !  )  and  afterwards,  when  it  is  difordered, 
fhould,  with  the  fame  (kill  and  wifdom,  often  remedy  the  evil, 
and  reftore  it  to  a  found  (late  j  but  finding  it  in  the  end,  or 
fometimes  fufpecting  it  only,  to  be  no  longer  tenable  or  com* 
for  table,  fhould,  inftead  of  repairing,  either  whirhfically  or 
wifely  delert  it;  to  conceive,  I  fay,  of  the  foul  as  perform- 
ing   all    this,   without,   in     the    mean   time,     being  confei- 

ous 
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vital  and  fentient  foul,  in  common  with  the 
brutes ;  but  the  animus  or  mens,  which  is  of 
a  more  exalted  nature,  is  proper  to  rational 
creatures  alone  *. 

Some  modern  Materialifts  have  imagined 
the  anima  to  be  no  other  than  a  more  fub- 
tile  kind  of  matter  lodged,  chiefly,  in  the 
brain  and  nerves,  and  circulating  with  the 
grofler  fluids.  But  fuch  fpirits,  or  fubtile 
matter,  can  no  more  be  acknowledged  the 
vital  principle  or  fource  of  animal  life,  than 
the  blood  from  which  they  are  derived ; 
and  Hill  with  lefs  reafon  can  this  material 
anima  be  fuppofed  endued  with  fenfe,  fince 

matter, 

ous  of  ?fuch  intentions,  or  of  the  exertions  of  its  power 
in  purfuance  of  them,  is  at  leaft  as  great  a  ftretch  of  fan- 
cy, as  to  fuppofe,  that  an  able  architect  might  raife  a  (late- 
ly edifice,  in  which  nothing  mould  be  wanting  that  could 
contribute  either  to  its  ufefulnefs  or  ornament;  that  he  might 
frequently  make  good  fuch  damages  as  it  fuftains  from  the 
weather,  or  from  the  decay  of  any  of  its  materials ;  and  at 
laft,  apprehending  it  to  be  in  danger  of  falling,  might  abandon 
it  j  without  being  at  all  aware  of  ever  having  once  exerciled, 
either  his  fkill  in  contriving,  erecting,  and  repairing  it,  or  his 
prudence  in  quitting  it,  when,  as  he  thought,  it  was  ready  to 
bury  him  in  its  ruins. 

* hid u! fit  communis  conditor  tilts 

Tantum  anlmas,  ?:cbis  anitnum  quoque. 

Juvsnal.  Sat,  15.  £in.  148.  &  140, 
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matter,  of  itfelf,  and  una&uated  by  any 
higher  principle,  is  equally  as  incapable  of 
fenfe  or  perception,  pleafure  or  pain,  as  it  is 
of  felf-motion.  Indeed,  a  few  authors  have 
run  fuch  lengths,  as  to  fuppofe  even  the  a- 
nitnus,  or  rational  foul  itfelf,  material:  but 
furely  the  powers  and  faculties  of  the  mind 
are  not  to  be  found  in  matter,  or  in  any  of 
thole  principles,  or  elements,  whereof  either 
the  ancients  or  moderns  have  imagined 
it  no  confift:  fire  itfelf,  the  mod  fubtile 
and  adlive  among  thefe,  being  as  inca- 
pable of  thought  and  reflexion,  as  water 
or  earth,  the  moft  fluggifh  * :  and  in 
what  manner  felf-motion,  fenfe  or  reafon 
can  poffibly  refult  from  the  circulation 
of  the  lpirits  in  the  brain,  or  from  the  pe- 
culiar 

*  "  Animorum  nulla  in  terris  origo  inveniri  poteft.  Nihil 
(t  enim  eft  in  animis  mixtum  atque  concretum,  ant  quod  ex 
"  terra  natum  atque  fictum  efTe  videatur :  nihil  ne  ut  humidum 
"  quidem,  aut  flabile  aut  igneum.  His  enim  in  naturis  nihil 
u  ineft,  quod  vim  memoriae,  mentis,  cogitationis  habeat,  quod 
"  et  prasterita  teneat,  et  futura  provideat,*  et  complecli  poflit 
«*  pnefentia."     Cicero  in  Tufculan.  difput.  lib.  I. 

See  alfo,  in  proof  of  the  immateriality  of  the  foul,  Dr  Sam. 
Clarke's  defences  of  his  letter  to  Mr  Dodwell,  where  Perfpicui? 
ty,  Metaphyfics,  and  found  Pbilofpphy,  are  happily  united. 
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culiar  flru£ture,  connexion,  fituation  or  ar- 
rangement of  the  various  parts  of  the  body, 
(without  fuppofing  a  mind)  is  a  point  which 
the  abettors  of  Materialifm,  will  never  be 
able  to  clear  up  *. 

Further,  if  the  Deity  be  incorpo- 
real (as  is  allowed  by  fome  of  the  ableft 
advocates  for  the  materiality  of  the  hu- 
man foul)  and  if  he  can  create  intelligent 
beings  that  are  not  material,  is  it  not  entire- 
ly agreeable  to  the  analogy  of  Nature,  to 
confider  animals,  (which  hold  as  it  were 
the  middle-rank,  in  the  creation,  between 
purely  fpiritual  intelligences  and  fubftances 
that  are  wholly  corporeal)  as  deriving  their 
fentient  and  rational  powers,  not  from  that 
inert  matter,  however  curioufly  wrought 
up  or  modified,  of  which  their  brain  and 
nerves  are  compofed,  bur  from  an  intelli- 
gent, incorporeal  principle  animating  their 
bodies  ? 

Upon  the  whole,  as  I  cannot  agree  with 
thofe,   who,  in  afcribing  all  our  powers  to 

mere 


*  (<  Membrorum  verd  fitus  et  figura  corporis,  vacans  animo, 
quain  poflit  harmoniam  efficefe  non  video."  Cicero?it  Tufculan, 
difput.  lib,  r. 
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mere  matter,  feem  willing  to  deprive  us 
wholly  of  mind;  fo  neither,  at  the  fame 
time,  do  I  fee  any  reafon  for  multiplying 
principles  of  this  kind  in  man  :  and,  there- 
fore, I  am  inclined  to  think  the  anirm  and 
animus >  as  they  have  been  termed,  or  the 
fentient  and  rational  foul,  to  be  only  one 
and  the  fame  principle  acting  in  different 
capacities.  Nay,  Epicurus  himklf,  accord- 
ing to  Lucretius,  did  not  look  upon  thefe 
two  as  feparate  beings,  but  regarded  the- 
mind  as  a  kind  of  mouvement  produced  by 
the  anima  or  foul  *# 

That  the  involuntary  motions  in  man 
are  not  owing  to  a  principle  diftindl  from 
the  rational  foul,  feems  evident,  from  the 
mufcles  and  organs,  whofe  action  has  been 
generally  afcribed  to  the  anima,  being,  in 
many  cafes,  fubjed:  to  the  power  of  the 
animus  or  rational  principle ;  as  well  as,  on 
the" other  hand,  from  the  motions  of  the 
voluntary  mufcles  often  becoming  involun- 
tary,  or  independent  upon  the  will.    Thus 

the 

*  Nunc  animum  atque  animam  dko  conjuncla  teueri 
Inter  fe,  atque  unam  naturam  conficere  exfe. 

Lucret.  lib.  3.  verf.  137.  &  23S. 
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the  diaphragm,  whofe  motions  in  the  hic- 
cup are  altogether  involuntary,  and  in  or- 
dinary refpiration  go  on  without  our  con- 
fcioufnefs  of  them,  is  neverthelefs  fubjedt  to 
the  immediate  influence  and  diredlion  of 
the  mind  ;  fince  its  motions  in  breathing 
can,  by  an  effort  of  the  will,  either  be  aug- 
mented or  leffened,  retarded  or  accelera- 
ted.  The  evacuation  of  the  inteftinwn 

reBum  and  bladder  of  urine,  which,  when 
the  Jlimulus  is  gentle,  is  in  part  voluntary, 
becomes  altogether  involuntary  and  convul- 
five,  when  the  irritation  is  greater. — The 
eye-lids,  over  which  the  mind  feems  to 
have  a  full  power,  move,  commonly,  not 
only  without  our  attention,  but,  in  fome 
cafes,  even  againft  every  effort  of  the  will 
to  the  contrary.  — The  a&ion  of  the  acce- 
lerator es  nrhw  is  voluntary  in  expelling  the 
lad  drops  of  urine;  but  in  expelling  the 
femen,  it  is  involuntary.— -The  contraction 
of  the  pupil,  which,  in  order  to  diftinfl:  vi- 
fion,  is  voluntary,  becomes  altogether  invo- 
luntary when  owing  to  an  increafe  of  light. 
In  fliort,  there  is  not  a  voluntary  mufcle  in 
the  body,  wliofe  motion  does  not  become 
R  x  involuntary, 
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involuntary,  as  often  as  it  is  either  direftly, 
or  from  its  confent  with  fome  neighbour- 
ing  part,  affected  by  any  confiderable  flimu- 
lus :  if  the  irritation  be  very  gentle,  we 
ftill  retain  a  greater  or  lefs  power  over  the 
mufcle  ;  but  when  it  becomes  flronger,  we 
lofe   all  this  power. 

Further,  in  man  the  fentient  and  ra- 
tional principle  muft  be  acknowledged  to  be 
one  ;  fince  we  are  all  confcious  that  what 
feels,  reafons,  and  exerts  itfelf  in  moving 
the  body,  is  one  and  the  fame,  and  not*  di- 
ftindt  beings.  It  is  the  mind,  therefore, 
that  feels,  thinks,  remembers  and  reafons  % 
which,  though  one  principle,  is  neverthelefs 
poffeffed  of  thefe  different  powers,  and  ads 
in  thefe  different  capacities  ;  nay,  fince  me- 
mory is  as  widely  different  from  the  prefent 
perception  of  ideas,  or  the  exertion  of  the 
will  in  order  to  action,  as  fenfe  is  from 
reafon,  it  might  with  equal  propriety  be 
maintained,  that  we  are  endowed  with  four 
fouls,  namely,  with  a  rational,  a  reminif- 
cent,  an  adtive,  and  a  fentient  one,  as  that 
we  have  two, 

In 
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In  brutes  of  the  lowed  kind  there  is  evi- 
dently a  fentient  principle:  but  it  feems  to 
be  wholly  devoid  of  reafon  or  intelligence : 
in  thofe,  however,  of  a  higher  clafs,  we  can 
perceive  faint  traces  of  fomething  like  what 
we  call  reafon  and  reflection  in  man.  Why, 
therefore,  may  not  the  human  mind,  which 
enjoys  all  the  powers  belonging  to  the  fouls 
of  the  loweft  creatures,  and  has  alfo  reafon 
fuperadded  to  thofe  powers,  be  allowed 
fometimes  to  adt  as  a  fentient,  and  at  other 
times  as  a  ratioual  being,  n  e.  in  different 
capacities  ? 

But,  if  any  one  yet  contends,  that  the 
fentient  principle,  governing  the  vital  mo- 
tions, is  different  from  the  rational,  I  fhall 
not  think  it  much  worth  while  to  difpute 
the  matter  with  him :  fince  whatever  is  ad- 
vanced, in  the  prefent  Essay,  upon  the 
fubjeft  of  the  involuntary  motions  of  ani- 
mals, will  hold  equally  true,  whether  the 
fentient  and  rational  foul  be  fuppofed  di- 
ftinft,  or  otherwife. 

However,  although  we  conceive  it  to 
be  the  mod  probable  opinion,  that  the  fen- 
tient and  rational  principle  in  man  are  one 

and 
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and  the  fame ;  yet  we  think  it  a  very  clear 
point,  that  the  mind  does  not,  as  Dr  Stahl 
and  others  would  perfuade  us,  prefide  over, 
regulate  and  continue  the  vital  motions,  or, 
upon  extraordinary  occafions,  exert  its  pow- 
er in  redoubling  them,  from  any  rational 
views,  or  from  a  confcioufnefs  that  the  bo- 
dy's welfare  demands  her  care  in  thefe  par- 
ticulars :  for  infants,  ideots,  and  brutes  of 
the  lowed  kind,  (which  laft  are  certainly 
deflitute  of  reafon),  perform  thofe  motions 
in  as  perfect  a  manner  as  the  wifeft:  Philofo- 
pher ;  and  the  mind,  when  life  is  endanger- 
ed by  the  too  violent  circulation  of  the 
blood,  neither  does,  nor  can  moderate  the 
heart's  motion.  If  the  contraction  of  the 
heart  were  owing  to  any  previous  dedu&ion 
of  reafon,  or  convidtion  of  its  being  necef- 
fary  to  the  continuance  of  health  or  life, 
the  mind  ought  to  have  a  power  of  retrain- 
ing the  uniform  motions  of  its  auricles  and 

o 

ventricles,  or  of  repeating  them  at  fhorter 
or  longer  intervals,  notwithftanding  their 
having  become,  like  thofe  of  the  eyes,  in  a 
manner  neceffary  through  long  habit:  for 
though  we  cannot,   indeed,    move  our  eyes 

in 
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in  every  different  direftion,  yet  we  can  re- 
ftrain  or  vary  their  uniform  motions  as  we 
pleafe. 

Further,  if  there  were  any  exercife  of 
reafon  neceiTary  to  the  continuance  of  the 
vital  motions,  the  mind  ought  certainly  to 
be  confcious  of  this ;  fince,  in  every  ratioci- 
nation refpe&ing  adtion,  there  muft  firft  be 
a  comparifonof  things,  and  then,  in  confe- 
quence  of  this  comparifon,  a  preference  or 
election:  but,  I  believe,'  few  Philofophers 
will  be  found  hardy  enough  to  maintain, 
that  the  mind  can  compare  two,  or  more 
ideas,  and  thence  form  certain  conclusions 
and  determinations,  without  being  fo  much 
as  confcious,  in  any  degree,  of  what  it  has 
been  all  the  while  employed  about:  for 
though,  when  we  are  folicitoufly  engaged  in 
any  action,  deeply  involved  in  any  thought, 
or  ftrongly  hurried  away  by  any  paillon, 
we  may  often  be  unconfcious  of  the  impref- 
fions  made  by  material  caufes  on  the  organs 
of  fenfe  #;   yet  we  cannot  but  be  fenfible  of 

the 

*  To   avoid   all    metaphyfical    difputes   about    different 
degrees  of  confcioufnefs  ^  I  defire  it  may  be  underftood,  that 

here 
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the  ideas  formed  within  us  by  the  internal 
operation  of  our  minds,  becaufe  their  very 
exiftence  depends  upon  our  being  confcious 
of  them,  and  is  at  an  end,  as  foon  as  either 
we  attend  not  to,  or  forget  them :  to  fay- 
therefore  that  fuch  ideas  maybe  formed  and 
exift  in  the  mind  without  confcioufnefs,  is,  in 
effect,  to  fay  that  they  may,  and  may  not 
exift  at  the  fame  time  ;  than  which  nothing 
can  be  more  abfurd. 

Add  to  this,  that;  the  motions  excited  by 
afiy  pain,  or  irritation,  are  fo  inftantaneous, 
that  there  can  be  no  time  for  the  exercife  of 
reafon,  or  a  comparifon  of  ideas  in  order 
to  their  performance ;  but  they  feem  to 
follow  as  a  neceffary  and  immediate  confe- 
quence  of  the  difagreeable  perception.  And 
as  the  Deity  feems  to  have  implanted  in 
our  minds  a  kind  of  sense  refpedting  Mo- 
rals, whence  we  approve  of  fome  anions,  and 

difapprove 

here  and  in  other  parts  of  this  EfTay,  when  I  fay  we  are  not 
confcious  of  certain  impreflions  made  on  the  mind  by  the  a<5H- 
on  of  material  caufes  on  the  organs  of  the  body,  I  mean  no 
more,  than  that  we  have  no  fuch  confcioufnefs  or  perception  of 
them,  as  either  convinces  us  of  their  exiftence  when  prefent,  or 
enables  U3,  by  the  help  of  memory,  to  recall  them  when  paft. 
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difapprove  of  others,  almoft  inftantly,  and 
without  any  previous  reafoning  about  rhdr 
fitnefs  or  unfitnefs ;  a  faculty  of  Angular 
ufe,  if  not  abfolutely  neceffary  for  fecuring 
the  imerefts  of  virtue  among  fuch  creatures 
as  men !  fo,  methinks,  the  analogy  will  ap- 
pear very  eafy  and  natural,  if  we  fuppofe  our 
minds  fo  formed  and  connected  with  our  bo- 
dies, as  that,  in  confequence  of  a  Jlimulus  af- 
fecting any  organ,  or  of  an  uneafy  percep- 
tion in  it,  they  fhall  immediately  excite 
fuch  motions  in  this  or  that  organ,  or  part 
of  the  body,  as  may  be  moft  proper  to  re- 
move the  irritating  eaufe ;  and  this,  without 
any  previous  rational  convidtion  of  fuch  mo- 
tions being  neceffary  or  conducive  to  this 
end.  Hence,  men  do  not  eat,  drink,  or  pro- 
pagate their  kind,  from  deliberate  views  of 
preferving  themfelves  or  their  fpecies,  but 
merely  in  confequence  of  the  fenfations  of 
hunger,  thirft,  &c* 

The  mind,  therefore,  in  carrying  on  the 
vital  and  other  involuntary  motions,  does 
not  act  as  a  rational,  but  as  a  fentient  prin^ 
ciple ;  which,  without  reafoning  upon  the 
matter,  is  as  certainly  determined  by  an  un- 
grateful 
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grateful  fenfation  or  ftimulus  affecting  the 
organs,  to  exert  its  power,  in  bringing  about 
thefe  motions,  as  is  a  balance,  while,  from 
mechanical  laws,  it  preponderates  on  that 
fide  where  the  greateft  weight  prevails. 

The  general  and  wife  intention  of  all  the 
Involuntary  motions,  is  the  removal  of  every- 
thing that  irritates,  difturbs,  or  hurts  the 
body;  hence,  thofe  violent  motions  of  the 
heart,  in  the  beginning  of  fevers,  fmall-pox, 
meafles,  &c.  when  frequently  the  blood," 
from  its  being  affefted  by  the  mixture  of 
fbrne  peculiar  miafma,  a&s  as  a  ftronger 
jtinmlus  than  ufual  upon  that  organ.  Ne- 
verthelefs,  as,  in  many  inftances,  the  very 
befl:  things  may,  by  excefs,  become  hurt- 
ful ;  fo  this  endeavour  to  free  the  body,  or 
any  of  its  parts,  from  what  is  noxious,  be- 
comes unhappily,  fometimes,  fo  ftrong  and 
vehement,  as  to  threaten  the  entire  deftruc- 
tion  of  the  animal  fabric,  fiut,  in  the 
main,  this  faculty  mud  be  confeffed 
highly  ufeful  and  beneficial ;  fince,  without 
it,  we  iliould  conftantly  have  cherifhed  with- 
in our  bodies  the  lurking  principles  of  difea- 
(lowly  indeed  and  by  imperceptible  de- 
grees, 
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grees,  but  not  lefs  furely,  ruining  our  health 
and  conftitutions. 

Upon  the  whole,  there  fbems  to  be  in 
man  one  fentient  and  intelligent  princi- 
ple, which  is  equally  the  fource  of  life, 
fenfe  and  motion,  as  of  reafon  ;  and  which 
exerts  more  or  lefs  of  its  power  and  influ- 
ence, as  the  different  circumflances  ffe&fea 
of  the  feveral  organs  actuated  by  it  may  re- 
quire. That  this  principle  operates  upon 
the  body,  by  the  intervention  of  fomething, 
in  the  brain  or  nerves,  is,  1  think,  likevvife 
probable  ;  though,  as  to  its  particular  na- 
ture, I  prefume  not  to  allow  myfelf  in  any 
uncertain  conjectures  ;  but,  perhaps,  by 
means  of  this  connecting  medium,  the  vari- 
ous impreflions,  made  on  the  feveral  parts 
of  the  body  either  by  external  or  internal 
caufes,  are  tranfmitted,  and  perceived  by  the 
mind  ;  in  confequence  of  which  in  may  de- 
termine the  nervous  influence  varioufly  into 
the  different  organs,  and  fo  become  the  caufe 
of  all  the  vital  and  involuntary  motions,  as 
well  as  of  the  animal  and  voluntary.  It 
feems  to  act  neceffarily,  and  as  a  fentient 
principle  only,  when  its  power  is  exerted  in 
S  f  caufing 
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caufing  the  former ;  but,  in  producing  the 
latter,  it  a<fts  freely,  andbothasa  fentient 
and  rational  agent. 

The  bodies  of  brute  animals  are  a&ua- 
ted  by  a  principle  of  a  like  kind  with  that 
which  is  placed  in  man,  but  greatly  inferior 
with  regard   to  the  degrees  of  reafon  and 
intelligence  which  it  poffeffes  :   in  the  more 
perfect  brutes,  this  principle  is  plainly  intel- 
ligent as  well  as  fentient ;  and  their  actions 
fo  evidently  fhew  them   to  be  endued,  not 
only  with  a  ftrong  memory,  but  with  re- 
flexion andfome  degrees  of  reafon,   that  it 
is  really  wonderful  ta  find  Defcartes  and  his 
followers  fo  far  impofing  upon  themfelves, 
as  ferioufly  to  believe  thefe  were  machines 
formed  entirely  of  matter,  and,  as  it  were, 
fo  many  curious  pieces  of  clock-work  wound 
up  and  fet  a-going.     Nor  is  it  lefs  furpri- 
fing  that  the  generality  of  Theological  wri- 
ters Ihould,  till  of  late,  have  been  fo  far  mif- 
taken  in  this  matter,  as  not  to  have  percei- 
ved, that,   after  once  admitting  all  the  ac- 
tions of  the  moft  perfect  brutes    to  refult 
from  mere  mechanifm,    the  afcribing  every 

thing 
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thing  in  man  to  no    higher   a   principle, 
would  be  a  natural  and  eafy  confequence. 

In  the  inferior  orders  of  brutes  the  ap- 
pearances of  reafon  and  reflexion  are  more 
obfeure  ;  and,  in  the  loweft  fpecies  of  ani- 
mals, there  are  no  marks  of  intelligence, 
nor  do  we  obferve  them  to  differ  othewife 
from  vegetables,  than  as  they  are  endued  with 
fome  degree  of  fenfation  and  felf-motion. 

Obj.  II.  It  may  be  alledged,  that  the  vi- 
tal motions  cannot  be  owing  to  Jlimuli  af- 
fecting the  mind  in  the  manner  above  ex- 
plained, fmce  we  are  not  confeious  of  any 
fuch  thing. 

Anfwer>  This  may  be  owing  either  to 
the  gentlenefs  of  the  irritation,  or  to  our 
having  been  long  accuftomed  to  it,  perhaps 
from  the  beginning  of  our  lives. 

*  We  all  know,  that  fuch  ideas  as  but 
flightly  affed:  us,  and  foon  give  place  to  fuc*- 
ceeding  ones,  are  quickly  forgoc  ;  nay,  that 
impr.efTions,  which  are  very  faint  in  them- 
felves,  or  loft  amidft  far  ftronger  ones,  are 
frequently  neither  attended  with  confeiouf- 
nefs  when  prefent,  nor  remembered  when 
pafh     In  walking  the  ftreets,   how  many 

perfons 
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perfcns  of  one's  acquaintance  are  every  mi- 
nute prefented  to. the  mind,  as  their  pictures 
are  painted  on  the  retina ;  yet  if  we  be  a- 
lone,  having  our  thoughts  ftrongly  turned 
upon  a  particular  fubjedt,  or  elfe  be  deeply 
engaged  in  converfation  wich  a  friend,  we 
are  often  not  confcious  of  the  prefence  of 
thefe  people  when  before  our  eyes,  nor  re- 
member their  having  been  fo,  when  they 
have  left  us. — If  we  turn  our  eyes  towards 
azure  iky  at  noon-day,  we  cannot,  by  the 
utmoft  attention,  obferve  any  of  the  flars  ; 
and  yet  it  is  certain,  that,  at  that  time,  there 
are  images  of  every  flar  in  the  vifible  hemi- 
fphere  formed  upon  the  bottom  of  our  eyes : 
for  the  ilellar  light  muft  run  through  the 
fame  torrent  of  fun-beams  to  reach  us  in 
the  night  as  in  the  day,  allowance  being  on- 
ly made  for  the  inconfiderable  depth  of  the 

earth's  atmofphere  *. 

The 

*  In  this  particular  cafe,  we  muft  either  fuppofe,  that  the 
impredlons,  made  by  the  ftars  on  the  rttina,  are  fuffocated  and 
loft  in  thofe  ftronger  ones  made  by  the  illuminated  atmofphere, 
fo  as  never  to  reach  the  ftvforium  in  order  to  excite  any  idea 
in  the  mind,  or  that  if  they  do  reach  the  fenfory,  and  create 
correfpondent  ideas,  yet  they  are  fo  drowned,  as  it  were,  in 
the  ftronger  idea,  as  to  efcape  our  attention  and  memory. 
]  am  Dot  infenfible,  that  there  is  a  real  difficulty  in  this  mat- 
ter, 
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The  fenfation  arifing  from  the  impe- 
tuous courfe  of  the  blood  through  the  pul- 
monary veflels,  is,  ufually,  fo  very  flight, 
as  not  to  be  felt  or  attended  to.  But.  this 
is  far  from  being  the  cafe  in  aflhmatic  dif- 
orders,  or  after  refpiration  has  been  fuppref- 
fed  for  fome  time  ;  for,  then,  it  is  very  re- 
markable,  being  accompanied  with  great 

uneafinefs   and   anxiety. The   acftion  of 

the  air,   aliments  and  bile,   upon  the  intef- 
tines,  which  is  the  caufe  of  their  periftaltic 

motion 

ter,  and  even  fome  appearance  of  contraction  in  the  laft  fup- 
pofition  :  for  it  may  well  be  afked,  what  is  an  idea  drowned 
in  another,  but  a  perception  unperceived  ?  Without  pretend- 
ing to  decide,  therefore,  in  this  fo  very  fubtile  a  queftion,  I 
fhall  only  take  notice  of  a  fact,  which,  if  duly  weighed, 
would  perhaps  go  as  far  towards  clearing  it  up  as  any  other 
cdnfideration  whatever.  It  is  well  known  Sir  Jfaac  Newton 
has  proved,  by  a  beautiful  variety  of  experiments,  that,  from 
the  union  of  fimple-coloured  rays,  are  formed  compound-co- 
loured ones;  for  example,  that  a  red  and  yellow  ray  mingled 
make  an  orange  ;  blue  and  yellow  a  green  one,  and  fo  of 
the  reft;  and  that  all  the  fimple-coloured  rays  combined  form 
a  white  one.  But  this  difcovery  is  by  no  means  confined  to 
colours  as  they  exift  out  of  the  mind,  either  in  the  rays  of 
light,  or  furfaces  of  bodies  ;  but  is  equally  true  of  the  ideas 
of  colours  in  the  mind  itfelf:  for  it  appears,  by  experiments 
that  the  idea  of  red,  and  the  idea  of  yellow,  confounded  in  the 
mind  by  co-exiftence  or  rapid  fuccellion,  make  the  idea  of  o- 
range;  the  ideas  of  blue  and  yellow,  that  of  green,  &c.  and 
thofe  of  the  feven  lirnple  colours  that  of  white. 
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motion,  is  commonly  altogether  unpercei- 
ved  by  us ;  but  let  the  Jiimulus  acting  on 
the  inteftines  be  increafed,  as  is  the  cafe 
when  any  ftrong  purgative  medicine  is 
fwallowed,  or  when  any  acrid  humours  are 
lodged  in  xXitprimx  vice,  and  it  will  be  felt 
very  fenfibly. — The  Jiimulus  of  light  upon 
the  retina,  which  makes  the  pupil  con  trad 
is  feldom  perceived  or  regarded,  unlefs  it 
be,  when  the  degree  of  light  is  much 
ftronger  than  what  the  eye,  immediately  be- 
fore, had  been  expofed  to. — Theadion  of 
the  returning  blood  upon  the  heart,  though 
it  be  ufually  quite  imperceptible,  feems, 
in  fome  cafes,  plainly  to  be  felt :  for  peo- 
ple, efpecially  fuch  as  have  weak  nerves, 
after  a  fudden  fright,  which  makes  the 
blood  return  more  haftily,  and  in  greater 
quantity,  than  ufual  to  the  heart,  are  fen- 
fible  of  a  particular  feeling,  not  eafy  to  be 
defcribed  in  words,  from  this  organ's  being 
more  than  ordinarily  affefted  by  a  furcharge 
of  that  fluid. — In  various  parts  of  the  bo- 
dy, pulfations,  or  fmall  alternate  convul- 
fions,  arc  fometimes  perceived  ;  which,  as 
they  keep  not  time  with  the  beating  of  the 

heart, 
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heart,  cannot  be  arterial  vibrations,  but 
mull  be  the  alternate  contractions  of  muf- 
cles,  or,  rather,  of  a  fmall  parcel  of  their 
fibres.  There  is  no  fenfation  of  a  flimulus 
in  the  part  before  thefe  motions  begin,  or 
while  they  continue;  and  yet,  as  they  fre- 
quently happen  to  people  in  good  health, 
whofe  brain  and  nervous  fyftem  are  found, 
it  is  more  than  probable  that  they  are 
owing  to  fome  obftru&ing  matter,  which 
diftradts  the  fibres  of  the  fubciler  vefTels,  or 
to  acrid  particles  in  the  fluids  coming  into 
contadl  with  the  tender  nerves  of  the  con- 
vulfed  part. 

P  Th  e  flimulus  occafioning  the  vital  mo- 
tions is  unperceived  by  us,  not  only  on  ac- 
count of  its  gentlenefs,  but  alfo  becaufe  we 
have  been  accuftomed  to  it  from  the  earli- 
eft  period  of  our  lives.  The  force  of  cuf- 
rom  is  prodigious  and  unaccountable ;  what 
we  have  been  long  ufed  to,  we  become 
fcarcely  fenfible  of,  while  things  which  are 
new,  though  much  more  trifling,  and  of 
weaker  impreffion,  affe&  us  remarkably. 
Thus  he  who  Js  wont  to  fpend  the  greateft 
part  of  his  time  in  the  filcnt  retirements 

of 
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of  the  country,  is  furprifingly  afledted,  upon 
his  firft  coming  into  a  populous  city,  with 
the  noife  and  buftle  which  prevail  there : 
of  this,  however,  he  daily  becomes  lefs  and 
lefs  fenfible,  till,  at  length,  he  regards  it  no 
more  than  they  who  have  been  ufed  to  it  all 
their  life-time. 

The  fame  feems  to  be  the  cafe,  alfo,  with 
regard  to  what  pafles  within  our  bodies. 
Few  perfons  in  health  feel  the  beating  of 
their  heart,  though  it  flrikes  againft  the 
ribs,  and  that  too  with  a  confiderable  force 
every  fecond  or  oftener;  whereas  the  mo- 
tion of  a  fly  upon  one's  face  or  hands,  oc- 
cafions  a  very  fenfible  and  an  uneafy  titil- 

lation. The  puliation  of  the  great  aorta 

itfelf  is  wholly  unobferved  by  us ;  yet  the 
unufual  beating  even  of  a  fmall  artery  in 
any  of  the  fingers,  from  an  obflru&ion  of 
its  veflels,  becomes  very  remarkable. —  Al- 
though the  blood  ruflies  into  the  ventricles 
of  the  heart  with  a  confiderable  velocity, 
and  is  thence  expelled  into  the  arteries  with 
a  much  greater  force ;  yet  we  are  not  con- 
fcious  of  fo  much  as  one  drop  of  that  fluid 
paffing  this  way ;  otherwife  the  circulation 

of 
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of  the  blood  could  not  have  remained  fo 
long  a  fecret  to  mankind.  And  if  we  are 
not  fenfible  of  the  Jiimulus  of  the  air,  ali- 
ment and  bile  upon  the  inteftines,  which, 
however,  all  allow  to  be  the  caufe  of  their 
vermicular  motion ;  nor  are  immediately 
confcious  of  the  aflion  of  opium  upon  the 
nerves  of  the  flomach,  which  yet  produces 
furprifing  effe&s  over  the  whole  body ;  why 
fhould  it  be  thought  ft  range  that  we  do 
not  feel  the  jiimulus  of  the  blood  upon  the 
internal  furface  of  the  ventricles  of  the 
heart,  which  is  more  gentle  than  the  laft, 
and  which,  as  well  as  the  firfr,  cuftom,  that 
fecond  nature,  prevailing  from  the  very  be- 
ginning of  our  lives,  has  rendered  quite  fa- 
miliar and  unheeded* 

Upon  the  whole,  from  what  has  been 
faid,  it  may  fully  appear,  that  thers  is  no 
good  reafon  for  denying  the  vital  motions 
to  proceed  from  fiimuli  affecting  the  mind, 
becaufe  we  are  not  confcious  of  this ;  or 
for  imagining  that  the  blood  does  not 
gently  irritate  the  heart,  becaufe  we  do 
not  feel  a  particular  fenfation  in  this  organ 
T  t  immediately 
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immediately  preceding  its  feveral  contract 
tions. 

Obj.  III.  It  may  be  faid,  that  although 
we  are  infenfible  of  the  Jlimuli  affecting  the 
organs  of  vital  motion,  either  from  their 
flightnefs  or  from  cuftom  ;  yet  we  ought  to 
be  confcious  of  the  exertion  of  the  mind's 
power  in  producing  thefe  motions. 

Aifwer,  *  That  a  man  may,  in  general 
and  with  propriety,  be  called  confcious  of 
any  a&ion,  it  is  not  only  necelfary  he  fhould 
perceive  it,  during  the  time  in  which  it  is 
performed,  but  alfo  that  he  be  able  to  re- 
coiled; it  after  it  is  pad:  for  though  one  be 
fenfible,  while  a  vifible  objedt  is  before  him, 
that  he  fees  it ;  yet  if  he  retains  not  the 
lead  memory  of  it  after  it  is  removed  out 
of  his  fight,  he  can  neither  fatisfy  himfelf 
nor  others  that  ever  he  faw  it.  In  like  man- 
ner, we  cannot  be  called  confcious  of  an  ac- 
tion or  volition  that  is  not  adverted  to  when 
performed,  or,  as  foon<as  it  is  over,  is  en- 
tirely forgotten  by  us :  for  as  there  are  fome 
fenfations,  either  fo  flight  iri  themfelves,  or 
fo  much  weakened  by  the  diverfion  of  our 
attention,    that  they  leave  no  traces  in  the 

memory ; 


other  Involuntary  Motions.     331 

memory  ;  fo  there  maybe  actions  and  voli- 
tions, that  are  either  fo  faint,  fo  habitual, 
orfo  much  leffened  amid  ftronger  and  more 
important  exertions  of  the  mind,  that  they 
may  not  only  be  entirely  and  for  ever  for- 
gotten, but  never  fomuch  as  taken  notice  of 
or  reflected  upon. 

£  Setting  afide,  however,  all  metaphy- 
seal confiderations,  we  may  find  arguments 
a  pojieriori  fufficient  to  prove  that  the  mind 
does  perform  actions,  which  neverthelefs  are 
unattended  with  confeioufnefs.  Thus,  zfc 
tho*  we  are  not  confeious  of  any  effort  of 
the  mind  in  producing  thofe  motions  of  the 
body,  which  tickling  the  fides  or  the  foles 
of  the  feet  excites  ;  yet  it  appears  they  in 
fad  do  proceed  from  the  mind,  from  the 
like  motions  being  produced,  though  in  a 
lefs  degree,  by  the  fear,  only,  or  apprehenfion 
Gf  being  tickled.- — Duft,  as  well  as  flies  and 
feveral  other  infects  paffing  before  our  eyes, 
make  us  fliut  the  palpebra ;  and  yet  thefe 
motions,  which  certainly  proceed  from  the 
mind,  are  not  often  attended  to,  and  feldom 
remembered  by  us.— The  contraction  of 
the  pupil  from  light,  and  of  the  mufcles  of 

the 
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the  internal  ear  from  found,  has  been  fliewn 
to  arife  from  an  exertion  of  the  mind's 
power,  of  which,  however,  we  are  in  no  de- 
gree fenfible.— As  the  erection  of  the  penis 
often  proceeds  from  lafcivious  thoughts,  it 
muft  be  afcribed,  in  thefe  cafes  at  leaft,  to 
the  mind,  notwithstanding  our  being  equal- 
ly unconfcious  of  its  influence  exerted  here, 
as  in  producing  the  contraction  of  the  heart. 

The  fight,  or  even  the  remembrance  of 

grateful  food,  is  accompanied  with  a  fud- 
den  and  copious  excretion  of  fpit  tie  into  the 
mouth  of  a  hungry  perfon:  certain  ideas 
excited  in  the  mind  are  the  occafion  of  an 
uncommon  flow  of  tears,  from  the  lachry- 
mal veflels :  and  a  nurfe's  bread  pours  out 
its  milk  when  a  child  is  brought,  only,  near 
it.  The  extraordinary  motions  of  the  vef- 
fels  of  thcfe  parts  cannot  in  any  other  way 
be  accounted  for,  than  by  afcribing  them 
to  the  mind  ;  of  whofe  action,  however, 
we  are  no  ways  confcious. 

Further,  fince,  in  confequcnce  of  cer- 
tain ideas  being  excited  in  the  mind,  the 
ftomach  is  immediately  affected  with  a  nau- 
fca  and  vomiting,  it  cannot  be  denied  that 

this 
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this  is  owing  to  an  increafed  a&ion  of  the 
nervous  influence,  by  means  of  the  mind, 
upon  the  mufcular  fibres  of  this  organ ;  yet 
we  are  not  at  all  more  fenfible  of  an  exer- 
tion of  the  mind's  powrer  in  this  cafe,  than 
we  are  when  vomiting  is  excited  by  fwal- 
lowing  a  dojfe  of  ipecacuanha  or  emetic  tar- 
tar. The  want  of  confcioufnefs,  therefore, 
can  be  no  fufficient  argument  againfl  the 
motion  of  the  ftomach,  whether  natural  or 
perverted,  being  produced  by  the  active 
power  or  energy  of  the  fentient  principle, 
which  is  variouily  affedted  by  the  different 
Jiimuli  applied  to  the  delicate  nerves  of  that 
organ  ;  and  if  the  idea,  only,  of  a  difagree- 
able  fenfation  in  the  ftomach,  can  occafion, 
through  the  influence  of  the  mind,  the  mo- 
tions of  vomiting,  why  fhould  not  the  real 
feeling  of  fuch  a  fenfation  in  it,  more  re- 
markably aftedt  the  mind,  and  10  excite  it 
to  produce  fimilar  motions. 

What  has  been  faid  with  regard  to  the 
motions  of  the  ftomach,  may  readily  be  ap- 
plied to  thofe  of  the  heart :  for  no  fooner 
are  certain  ideas  preferred  to  the  mind, 
than  the  motion  of  the  heart  is  increafed 

and 
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and  accelerated;  which  mud,  therefore, 
undoubtedly  be  the  effedt  of  an  extraordina- 
ry adlion  of  the  nervous  power  on  its  fibres 
confequent  upon  the  emotion  raifed  in  the 
foul :  yet  of  this  effort  of  the  mind  we  are 
not  in  any  degree  confcious.  If,  therefore, 
the  mind  can  thus  influence  the  heart's  mo- 
tion, and  we,  at  the  fame  time,  not  be  fenfi- 
ble  of  its  power  being  diredted  to  that  end, 
it  can  by  no  means  appear  unreafonable  to 
fuppofe,  that  the  fiimulus  of  the  returning 
blood  may  excite  the  fentient  principle  to 
bring  the  heart  into  contradtion,  although 
we  are  not  in  the  leaft  confcious  of  any  fuch 
exertion  of  its  power. 

But,  the  objedtion  againft;  the  mind's 
being  concerned  in  the  vital  and  other  in- 
voluntary motions,  drawn  from  our  not  be- 
ing confcious  of  its  interpofingfor  this  end, 
is  quite  pverturned,  by  confidering  that  a 
great  variety  even  of  the  voluntary  motions 
are  many  times  performed,  when  we  are  in- 
fenfible  of  the  power  of  the  will  exerted  in 
their  production.  Thus,  while  in  walking 
we  either  meditate  by  ourfelves,  or  converfe 
with  others,  we  move  the  mufcles   of  our 

legs 
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legs  and  thighs,  without  attending  to,  or 
knowing  any  thing  of  the  matter. — We  are 
not  fenfible  of  the  eye-lids  being  kept  open 
by  the  continued  operation  of  the  will ;  but 
yet,  when  drouzinefs  and  fleep  fteal  upon  us, 
we  find  it  requires  a  confiderable  effort  to 
prevent  the  falling  down  of  the  fuperior  pal- 
pebrce.  The  fame  thing  is  true  of  the  ac- 
tion of  the  mufcles  which  fupport  the  head. 
The  mofl  probable  account  of  our  igno- 
rance of  thefe  things,  which,  as  they  are 
tranfadied  within  the  fphere  of  our  own  bo- 
dies, it  might  be  expe&ed  we  fhould  be  well 
acquainted  withal,  feems  to  be  this,  viz. 
that  we  not  only  acquire,  through  cuftom 
and  habit,  a  faculty  of  performing  certain 
motions  with  greater  eafe  than  we  were 
wont  to  do  them,  but  alfo,  in  proportion  as 
this  facility  is  increafed,  we  become  lefs  fen- 
fible of  any  (hare  or  concern  the  mind  has 
in  them.  Thus  a  young  player  upon  the 
harpficord  or  a  dancer,  is,  at  firfi,  very 
thoughtful  and  folicitous  about  every  mo- 
tion of  his  fingers,  or  every  ftep  he  makes 
while  the  proficients  or  masters  in 
thefe  arts  perform  the  very  fame  motions,  not 

only 
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only  more  dexteroufly,  and  with  greater  a- 
gility,  but  almoft  without  any  reflexion  or 
attention  to  what  they  are  about. 

Some  indeed  have  gone  fo  far,  as  to  de- 
ny that  even  the  voluntary  motions  are 
owing  to  the  mind  as  their  proper  caufe, 
and  have  thought  the  direction  of  the  feve- 
ral  voluntary  mufcles,  in  order  to  perform 
the  various  motions  of  the  body,  to  be  an 
office  which  its  faculties  are  by  no  means  e- 
qual  to*.  But  if  thefe  motions  be  not  ow- 
ing to  the  mind,  from  what  caufe,  I 
pray,  external  or  internal,  do  they  proceed  ? 
They  cannot  be  owing  to  the  powers  of  the 
body  alone ;  and  it  is  in  vain  to  attribute 
them  to  any  law  which  it  may  be  pre- 
tended the  Deity  has  eftablifhedf  ;  fince 
a  law  can  produce  no  efFe£l  of  itfelf,  and, 
without  fome  agent  to  execute  it,  is  only 
a  mere  name  or  empty  found  :  they  mud, 
therefore,  be  afcribed  either  to  the  imme- 
diate agency  of  the  Supreme  Being,  or 
to  that  of  fome  general  inferior  nature, 

which 

*  ffal/er,  not.  in  Bnerhaav.  Inftitut.  vol.  iv.  p.  5S8. 
•j-  Id.  ibid. 
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which  he  has  conftituted  for  this  purpofe, 
or  to  the  energy  of  a  particular  adtive  prin- 
ciple united  with  the  body.  The  firft 
two  fuppofitions  are  indeed,  poffible  but  not 
at  all  probable,  as  is  the  laft ;  whence  it 
may  be  inferred,  that  not  only  the  volunta- 
ry motions,  of  which  we  are  immediately 
confcious,  but  thofe  alfo  which  we  do  not  ad- 
vert to,    proceed  from  that  sentient  and 

INTELLIGENT    PRINCIPLE   with    which 

the  Author  of  nature  has  animated  our 
bodies;  whofe  powers  and  operations,  it 
mud  -be  owned,  are,  in  many  inftances, 
as  much  above  our  knowledge,  as  is  the 
nature  of  its  union  with  the  body,  or 
the  manner  of  their  reciprocal  action  upon 
each  or,her. 

Obj.  IV.  If  the  vital  motions  were  owing 
to  the  mind,  they  fhould  be  under  its  domi- 
nion or  controul ;  and  we  ought  at  any 
time  to  be  able  to  fufpend  or  vary  thefe  mo- 
tions at  pleafure. 

Anpwer.  «.  In  all  a&ions  which  are  the 

refblt  of  reafoningand  deliberation,  man  evi- 

U  u  dently 
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dently  appears  to  be  a  free  agent  :  for  he 
has  it  in  his  power,  after  weighing  all  mo- 
tives and  circumflances,  to  prefer  this  or 
the  other  action,  or  to  abftain  from  ailing 
altogether.  But  there  are  actions,  to- 
wards the  performing  of  which  we  are 
in  no  ways  determined  by  reafon,  and 
where  the  mind  is  not  a  free  but  a  ne- 
ceffary  agent.  Of  this  kind  are  the  invo- 
luntary motions  of  thofe  mufcles,  whofe 
fibres  are  afFedted  by  any  confiderabley?/^- 
li ;  for  the  application  of  external  objedts  to 
their  proper  organs,  does  not  more  certainly 
or  immediately  excite  correfponding  ideas 
in  the  mind,  than  certain  uneafy  fenfations 
produce  confequent  motions  of  the  body. 
As  we  cannot,  therefore,  hinder  ourfelves 
from  feeing  every  objed  which  is  painted 
on  the  bottom  of  the  eye,  nor  from  hear- 
ing every  found  which  affedts  the  ear;  fo 
neither  can  the  mind  refrain  from  exerting; 
its  power  of  moving  a  mufcle,  whofe  fen- 
fible  fibres  are  flrongly  affedted  by  a  Jlimulus. 
And  as  no  body  ever  went  about  to  deny 
that  is  was  the  mind  which  fees  colours  and 
hears  founds,  becaufe,  whenever  the  external 

caufes 
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caufes  exciting  thefe,  are  applied  to  their 
proper  organs,  we  can,  by  no  effort  of  the 
will,  prevent  ourfelves  from  feeing  or  hear- 
ing, nor  can  fee  and  hear  objects  or  founds 
different  from  what  thefe  impreflions  natu- 
rally reprefent ;  fo  it  muft  be  wholly  unrea- 
fonable  to  pretend  that  the  vital  and  other 
involuntary  motions  cannot  arife  from 
the  energy  of  the  mind,  becaufe  the  will 
has  no  immediate  power  over  them. 

An  aclion  is  denominated  free,  from  the 
agent's  having  willed  or  chofen  it,  when  he 
had  a  phyfical  power  of  doing  otherwife ; 
thus  the  aclion  of  fwallowing  poifon  is  faid 
to  be  free,  when  a  perfon  chufes  it,  and 
might  have  refrained  from  it ;  but  the  con- 
vulfive  motions  of  the  ftomach  and  dia- 
phragm which  Toon  enfue  upon  taking  it, 
are  ftridly  neceffary ;  fmce  the  mind  can- 
not, by  any  effort  or  exertion  of  its  power, 
prevent  them  ;  being  as  certainly  determi- 
ned to  move  thefe  parts  violently,  from  the 
difagreeable  fenfation  which  the  poifon  ex- 
cites, as  a  ftone  is  in  falling  to  the  ground, 
or  a  balance  in  inclining  to  the  fide  where 
there  is  the  greateft  weight,  from  the  prin- 
ciple 
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ciple  of  gravity.  The  only  difference  in 
thefe  cafes  is,  that  in  the  firft,  the  caufe 
operates  by  means  of  a  living  fentient  prin- 
ciple ;  and  in  the  laft,  a&  upon  inert  and 
lifelefs  matter. 

As  the  actions  which  neceffarily  follow 
an  irritation  of  our  mufcles,  or  any  uneafy 
fenfation  in  the  body,  are  not  performed 
by  the  mind,  in  confequence  of  any  pre- 
vious ratiocination,  or  from  any  views  of 
their  being  immediately  neceflary,  or  con- 
ducive to  the  welfare  of  the  body  ;  fo  nei- 
ther do  they  flow  from  cullom  or  habit ; 
fince  new-born  children  perform  them  as 
well  as  the  oldeft  and  mod  experienced 
man.  Infants,  as  foon  as  they  come  into 
the  world,  perform  the  action  of  breathing, 
though  quite  unaccuftomed  to  it  before; 
they  fhut  their  eye-lids  upon  the  approach 
of  tight,  vomit  when  their  ftomach  is  op- 
preifed,  fuck  when  hungry,  fneeze,  or 
cough,  upon  any  irritation  of  the  mem- 
brane of  the  nofe  or  windpipe,  and  void 
their  excrements  and  urine,  when  thefe  ex- 
cite an  uneafy  fenfation  in  their  inteftines 
or  bladder. 

It 
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It  has  been  faid  that  in  the  "  bepinnins; 
"  of  life  the  vital  motions  were  altogether 
'■'  voluntary;  and,  that  it  is  only  from  ufe  or 
"  cuftom,  that  they  have  become  fo  necef- 
"  fary,  as  to  make  it  impoiTible  for  us  to 
"  hinder  their  going  on  in  their  ufual  man- 
"  ner*."  But  although  cuftom  may  en* 
able  us  to  perform  fome  actions  with  fur- 
prifing  facility  and  little  or  no  attention, 
yet  it  will  not  render  the  motions  of  mufcles 
abfolutely  involuntary,  which  were  original- 
ly voluntary. — There  is  no  inftance  in  the 
human  body  of  any  mufcle,  whofe  motion 
can  be  fairly  proved  to  have  been  volun- 
tary in  the  beginning  of  life,  that  has  by 
cuftom  or  habit  become  fo  far  indepen- 
dent on  the  will,  as  to  be  in  no  degree  under 
its  immediate  controui.  Thus,  although 
we  cannot  put  in  motion  the  mufcles  of  one 
of  the  eyes,  without,  at  the  fame  time, 
moving  the  mufcles  of  the  other  eye,  in 
that  way  which  we  have  always  been  ac- 
cuftomed  to  do,   yet  we  can  move  thefe 

mufcles 

*  pr  PorttrfielcF*  Treatife  on  the  Eye,  vol.  ii. 
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mufcles  as  flowly,  or  fwifriy,  as  we  pleafe, 
or  reftrain  their  motions  altogether:  and 
the  learned  M.  de  Holler  has  well  obferved 
agalnft  the  followers  of  Stabl,  that  the  muf- 
cles of  the  eye-lids,  and  thofe  which  ferve 
to  erect  the  back,  though  they  are  almoft 
conftantly  employed,  except  in  time  of 
fleep,  neverthelefs  continue  to  be  fubjed  to 
the  will  H  Further,  fince  the  motion  of 
every  voluntary  mufcle  in  the  body  be- 
comes, at  once,  altogether  involuntary, 
when  its  fibres  or  nerves  are  irritated,  there 
is  furely  no  need  of  having  recourfe  to  cu- 
fiom  or  ufe,  in  order  to  account  for  our  ha- 
ving no  power  over  the  motions  of  the 
heart  and  alimentary  canal. 

It  remains,  therefore,  that  the  motions 
performed  by  us,  in  confequence  of  irrita- 
tion, are  owing  to  the  original  conftitution 
of  our  frame,  whence  the  foul  or  fentient 
principle,  immediately  and  without  any  pre- 
vious ratiocination,  endeavours  by  all  means 
and  in  the  moft  effectual  manner,  to  avoid  or 
get  rid  of  every  difagreeable  fenfation  con- 
veyed 

*  Not.  in  Boerhaave  Inftitut.  med,  vol,  iv.  p.  588, 
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veyed  to  it  by  whatever  hurts  or  annoys  the 
body. 

When  the  organ  is  not  extremely  fenfi- 
bie,  or  when  the  Jiitnulus  is  very  flight,  or  is 
applied  to  fome  diftant  part,  and  not  imme- 
diately to  that  which  is  to  be  moved,  we 
can,  by  an  effort  of  the  will,  reftrain  thole 
motions,  which  otherwife  would  follow ;  but 
if  the  nerves  of  the  part  be  more  delicate, 
and  fufceptible  of  the  fmalleft  impreffion ; 
if  the  ftimulus  be  ftronger  and  applied  im- 
mediately to  the  organ  which  is  to  be 
brought  into  a&ion  ;  then  the  motions 
which  follow,  are  neceffary,  and  cannot  be 
controuled  by  the  power  of  the  will;  becaufe 
the  mind  is  more  ftrongly  affe&ed  by  the 
uneafy  feeling  excited  by  the  irritation, 
than  by  any  arguments  or  motives  it  can 
poffibly  prefent  to  itfelf:  for,  although 
we  may,  in  fome  cafes,  be  fully  convinced 
that  thefe  motions  tend  to  the  deftmclion 
of  our  body,  yet  even  this  confideration 
does  not  enable  us,  either   to  leffen  or  put 

a    flop   to   them  *5 To    illuftrate    this 

matter 

*  A  fubtile  defender  of  the  Stahlian  doclrine  has  at  laft  been 
obliged  to  acknowledge,   that  the  vital  and  other  involuntary 

motions 
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matter  by  a  few  examples. — In  voiding  the 
excrement  and  urine,  the  contradtion  of  the 
abdominal  mufcles  and  diaphragm  is  ufu- 
ally  in  fome  meafure  voluntary,  and  can  be 
reftrainedat  pleafure,  becaufe  the  Jlimulus  is 
not  only  flight,  but  applied  to  a  diftant 
part  ;  but  in  a  violent  tenefmus  or  ftrangury 
the  motion  of  thefe  mufcles  becomes  alto- 
gether neceflary  and  convulfive,  not  becaufe 
the  mind  is  lefs  concerned  in  this  laft  cafe 
than  before,  but  becaufe  the  painful  fenfa- 
tion  compells  it  to  a6h — If  the  internal  mem- 
brane of  the  wind-pipe  be  flightly  irritated, 
we  can  reftrain  coughing ;  but  if  the  tick- 
ling be  ftrong,    we  lofe  this  power. — When 

the 

motions  of  animals  are  morally  neceflary,  although  not  truly 
or  phyfically  fo  f.  But  thofe  actions  which  are  only  morally 
neceflary,  are  fo  far  voluntary  as  to  entitle  the  agent  either  to 
praife  or  blame;  and  they  are  attended  with  a  confcioufnefs  of 
liberty  :  while,  on  the  contrary,  the  motions  of  the  heart  and 
alimentary  canal,  as  well  as  of  fuch  voluntary  mufcles  as  are 
ftrongly  irritated,  are  no  indications  of  the  moral  difpofitions 
of  the  mind,  nor  are  they  attended  with  the  lead  confcioufnefs 
of  their  being  free,  or  that  we  could  have  retrained  them  by 
the  power  of  the  will.  As  thefe  motions,  therefore,  are  mofl 
certainly  not  voluntary  ;  fo  neither  can  they,  with  any  truth 
or  propriety,  be  laid  to  be  only  morally  neceflary. 

|  Dr  PorterjicJd's  Trcatifc  on  the  Eye,  vol.  Ji.  p.  154- 
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the  tunica  cornea,  or  conjunctiva  of  the  eye, 
is  gently  Simulated,  we  can,  by  an  effort  of 
the  will,  prevent  the  fhutting  of  the  palpe- 
h'£ ;  but  when  any  thing  very  acrid  is  ap- 
plied to  thefe  parts,  the  eye-lids  are  moved 
neceflarily. — Although  the  contraction  of 
the  pupil  arifes  from  the  adion  of  light  upon 
t\\e  retina,  and 'not  upon  the  fibres  of  the 
iris  \  yet  this  motion  is  altogether  involun- 
tary, on  account  of  the  extreme  fenfibility 
of  the  irritated  part. 

The  motions  of  the  heart  and  alimenta- 
ry canal  are  wholly  neceflary,  becaufe  the 
nerves  of  thefe  organs  are  endued  with  a  pe- 
culiar fenfibility,  and  t\\z  ftimulus  is  immedi- 
ately applied  to  them  *.  Nor  can  the 
X  x  mind 

*  Some  phyficians  of  note  have  concluded  the  heart  to  be  pof- 
fefled  only  of  a  very  fmail  degree  of  fenfibility,  becaufe  brute  ani- 
mals,, after  their  thorax  is  opened,  flievv  no  figns  of  new  pain  when 
their  heart  is  wounded.  But,  unlefs  the  heart  were  endued 
with  a  more  acute  feeling  than  the  (kin  and  other  parts  that 
are  hurt  in  opening  the  cheft,  the  fufferings  of  thofe  animals 
ought  not  to  be  fen&bly  increafed  by  pricking  or  cutting  their 
heart.  <\dd  to  this,  that,  after  the  thorax  is  opened,  and  the 
heart  laid  bare,  the  animals,  being  in  a  dying  ftate,  have  all 
their  feelings  much  impaired. 

Since 
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mind  lefTen  the  violent  con t rations  of  the 
heart  in  a  fever,   however  confcious  it  may 

be 

Since  the  fenfibility  of  the  medullary  part  of  the  brain  has 
been  inferred  from  the  convulfive  motions,  occafioned  by  irri- 
tating it,  may  we  not  conclude,  that  the  heart,  whofe  motion 
Is  remarkably  accelerated  even  by  very  gentle  [i'wmlt}  is  endued 
with  no  inferior  degree  of  feeling  ?  and  this  feems  to  be  con- 
firmed, by  obferving,  that,  the  motion  of  the  heart  is  often 
greatly  quickened  by  a  decree  of  acrimony  in  the  blood  im- 
percep  i  !e  to  our  fenies,  and  by  the  chyle,  which  is  much  lefs 
acrid  than  thofe  aliments  from  which  it  is  prepared,  and  which 
the  &omach  and  intefiines  bear  without  any  pain  or  remarka- 
ble increale  of  their  perifhltic  motion.  I  (hall  only  add,  that 
the  internal  furfice  of  the  heart,  to  which  the  returning  venous 
blood  is  applied,  appears  from  experiments  *,  to  be  much 
more  fenfible  than  its  exterior  part,  which  is  covered  with  a 
continuation  of  the  fleura,  whence  that  fluid,  which  is  a  jlimu- 
/us  peculiarly  adapted  to  the  nerves  of  the  heart  f,  muft  afFecl 
it  more  ftrongly,  than  (harper  liquors  applied  to  it  outwardly. 
The  objection  to  the  fenfi  ility  of  the  heart,  drawn  from  its 
having  been  found  much  dileafed  after  death,  although  the  pa- 
tients had  complained  of  no  acuta  pain  within  the  thorax,  is  of 
very  little  force j  for  I  have  often  met  with  inflammations, 
fuppurations  and  mortifications  in  fcveral  ofr  the  abdomina  vif> 
cera,  nay,  even  in  the  intellines  themfelves,  in  the  bodies  of 
patients,  who  had,  during  their  life,  complained  rather  of  an 
uneafinefs  than  an  acute  pain  within  their  belly  t  and  pra- 
ctical phyficians  well  know,  that,  according  to  the  degree  of 
the  difeafe,  and  peculiar  conftitution  of  the  patient,  inflam- 
matory   as  well  as   other    diforders   are   attended  with    very 

different 
•  A(\. -Gottiog.  vol.  x.  f  See  above  p.  *i,  %2.  Si  s6t  be, 
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be  of  the  danger  arifingfrom  too  impetuous  a 
motion  of  the  blood  ;  becaufe  the  heart  be- 
ing more  ftrongly  ftimulated  than  ufual  by 
that  fluid,  the  ftntient  principle,  in  order 
to  expel  the  irritating  caufe,    is  neceffarily 

excited 

different  degrees  of  pain.  Nor  is  the  inftance,  quoted  from 
Harvey,  of  a  young  nobleman  who  felt  no  pain  when  his  heart 
was  touched,  of  any  weight;  for,  in  this  cafe,  the  heart  was 
defended  by  a  thick  infenfible  fungous  or  callous  covering  *  ; 
whence  handling  it,  gently,  neither  occafioned  any  uneafjr  fen- 
fation  nor  difturbed  its  motion.  And,  indeed,  as  neither  the 
membrane  which  lines  the  nofe  and  fauces,  nor  the  tongue, 
glans  penis  and  inteftines  f,  although  among  the  molt  fenfible 
parts  of  the  body,  are  affected  with  any  painful  fenfation  when 
they  are  gently  touched  ;  it  is  probable,  that  were  the  peticaf- 
dium,  or  even  the  furface  of  the  heart  itfelf,  in  a  found  ftate,  to 
be  touched  with  one's  finger,  no  pain  would  be  felt,  but  a  dif- 
ferent kind  of  fenfation,  which  might  perhaps  difturb  its  re- 
gular motion,  and  occafion  fome  degree  of  faintnefs. 

The  flimult,  which,  in  a  natural  ftate,  excite  the  alternate  mo- 
tions of  the  heart  and  alimentary  canal,  do  not  affect  thefe  or- 
gans with  any  painful  fenfation,  but  with  a  flight  titillation, 
which  mfome  cafes  is  as  effectual  to  produce  motion,  or  even 
more  fo  than  pain  :  Thus  when  the  ne.k.  the  (ides,  or  the  foles 
of  the  feet  are  tickled,  violent  motions  of  the  rnufcles  of  the 
head  and  trunk  of  the  body  or  of  the  limbs  enfue  ;  which  how- 
ever do  not  happen,  when  thofe  parts  are  affected  with  an  a- 
cute  paili|  by  being  pricked  or  cut  with  a  fharp  inftrunieat. 

*  Harvci  de  generat.  animal,  exerciut.  Hi. 
I  See  Phyflological  EfTays  edit,  ii.   p.  i;«. 
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excited  to  contract  this  mufcle  with  propor- 
tionately greater   force. — The  motions   of 
the  infpiratory  mufcles  can  be   accelerated, 
retarded,  or  altogether  ftopt,  as  often  as  we 
pleafe  ;  becaufe  the  ftimuius  exciting  them, 
is  not  immediately  applied  to  their  fibres  or 
nerves  but  to  the  blood  vefTels  of  the  lungs, 
which  are  not  very  fenfible,  and  with  which 
they  have  little  or  no   connexion.     How- 
ever,  as  often  as  this  Jiimidus  is  greatly  in- 
creafed,  by  the  difficult  paffage  of  the  blood 
thro'  the  lungs,   and  there  is  an  immediate 
danger  of  fuffocation,  the  motion  of  thofe 
mufcles  becomes  more  neceflary.  and  ahnoft 
ceafes   to  be  under   the  power  of  the  will. 
— In  a  fever,  when,    from  an  obftrudtion  or 
perverted  motion  of  the  fluids  in  the  brain, 
or  its  membranes,  the  patient  talks  of  feeing 
and   hearing  things  which  are  neither   pre- 
fent  nor  fpoken,  he  may  be  readily  convin- 
ced of  his  error,  provided  the  delirium  be  of 
a  flight  kind;   if  otherwife,    we   endeavour 
in  vain  to  correft  his    wrong  judgment  by 
reafon  or   argument,   fince    the  difordered 
flate  of  the  brain  makes  a  flronger  impref- 
fion  upon    the  mind,  than  any  arguments 

or 
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or  external  confidcrations  whatever:  yet  a- 
crid  cataplamfmu  applied  to  the  foles  of  the 
feet,  as  they  give  great  pain,  and  fo  make  a 
remarkably  ftrong  impreillon  on  the  fern- 
forium  commune  will  often  Ieflen,  and  fome- 
times  entirely  remove  fuch  a  delirium.  But, 
£.  The  objection  againft  the  mind's  pro- 
ducing the  vital  motions,  drawn  from  their 
being  involuntary,  ma  ft  appear  extremely 
weak  ;  (ince  there  are  a  variety  of  motions 
equally  independent  upon  our  will,  which 
yet  are  certainly  owing  to  the  mind.  Thus, 
as  has  been  already  obferved,  the  contraction 
of  the  pupil  from  light,  and  the  motions  of 
the  body  from  tickling,  or  the  apprehenfion 
of  it,  undoubtedly  flow  from  the  mind,  not- 
withstanding their  being  involuntary. — 

The  (hutting  of  the  eye  lids,  when  a  blow 
is  aimed  at  the  eye,  is  another  inflance  of 
a  motion  performed  by  the  mind  in  fpite  of 
the  will>  for  as  the  threatened  blow  doe* 
nor,  by  any  corporeal  contact,  affect  the  or- 
bicular mufcle  of  the  palpehra,  its  contraction 
muft  neceflarily  be  deduced  from  the  mind, 
moved  to  perform  this  actio  a  from  the  ap- 
prehenfion of  fomething  ready  to  hurt   the 

eve : 
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eye :  and  if  there  are  fome  who,  by  an  ef- 
fort of  the  will  can  reftrain  this  motion 
of  their  eye-lids,  yet  this  does  not  proceed 
fo  much  from  the  mind's  making  no  at- 
tempt, in  confequence  of  the  apprehended 
danger,  to  clofe  the  palpebra,  as  from  the 
fuperior  eye  lids  being  kept  up  by  a  ftrong 
voluntary  contraction  of  its  levator  mufde. 
We  cannot,  by  an  effort  of  the  will,  ei- 
ther command  or  reftrain  the  erection  of  the 
penis  ;  and  yet  it  is  evidently  owing  to  the 
mind  ;  for  fudden  fear,  or  any  thing  which 
fixes  our  attention  ftrongly  and  all  at  once, 
makes  this  member  quickly  fubfide  though 
it  be  ever  fo  fully  eredled.  The  titillation, 
therefore,  of  the  veficuU  ftminaks  by  the/?- 
men,  lafcivious  thoughts,  and  other  caufes, 
only  produce  the  ere&ion  of  the  penis,  as 
they  neceflarily  excite  the  mind  to  deter- 
mine the  blood  in  greater  quantity  into  its 
cells*. — A  ihocking  fight,  or  a  difagree- 
able  found,  will  often,  in  an  inftant,  excite 
2.  tremor  ox  fbivering  over  the  whole  body; 
which  cannot  be  owing  merely  to  the  me- 
chanical  a&ion  of  light  upon  the  eye,  or  of 

found 

*  Vid.  Sea.  vi.  N°  4.  above. 
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found  upon  the  ear ;  fince,  when  the  exter- 
nal organs  are  unaffecled  by  thefe  things, 
their  idea,  recalled  by  the  mind,  can  of  it- 
felf  produce  a  fimilar  effect:  this  motion, 
therefore,  though  it  be  involuntary,  and  can 
neither  be  performed  nor  ftopt  at  pleafuic, 
mult  neceffarily  be  owing  to  the  mind  or 
fentient  principle. 

If,  therefore,  we  have  found  various  in- 
voluntary motions  ariling  from  the  mind,  it 
can  be  no  proof  againft  the  vital  motions 
flowing  from  the  energy  of  the  fame  princi- 
ple, that  they  are  involuntary  :  and  if  the 
motions  of  the  voluntary  mufcles  them- 
felves  become  involuntary,  as  often  as  they 
are  excited  into  action  by  Jlimuli  applied 
to  their  fibres,  or  nerves,  it  can  be  no  wonder 
that  the  motions  of  the  heart  and  aliment- 
ary canal  are  neceffary,  and  independent  on 
the  will,  fince  thefe  organs  are  perpetually 
exp^fed  to  the  alternate  adtion  of  zftimuhs. 

If  it  be  afked,  why,  when  neither  light 
nor  found  affect  the  mufcles  of  the  uvea  and 
internal  ear,  we  cannot  at  pleafure  move 
them  ;  or  why  we  cannot  at  any  time,  by 
an  effort  of  the  will,  immediately  produce  an 

erection 
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erection  of  the  penis  ;    it  may  be  anfvvered, 
that  as  mankind,  by  having  their  ears  tied 
down  when  young,   lofe  the  power  of  mo- 
ving  them,   though   there  feem  to  be  muf- 
cles  deflined  by  nature  for  this  purpofe  ;   fo 
the  mind,  through  difufe,  may  have  loft  its 
power    of   moving   the    above   mentioned 
mufcies  at  pleafure,  even  when  they  are  not 
acled  upon  by  a  Jlimulus ;   or  why  may  we 
not,  for  wife  purpofes,  be  fo  framed  by  the 
Author  of  nature,  that  the  mind,  while  it 
can  at  pleafure  contract  the  greateft  part  of 
our  mufcies,  may  have  no   power  over  o- 
thers,    whofe   motions  are  to  be  regulated 
only  by  certain  fenfations,  fmce  thefe  will 
never  fail  to  excite  the  fentient  principle  into 
action,  when  it  is  neceffary  or  proper?  where- 
as, if  thofe  motions  were  fubject  to  the  will, 
it  is  probable,  that  men,  by  a  perverfe  effort 
of  this,  would  in  many  cafes  greatly  pre- 
judice their  health,  or  endanger  their  lives. 
And  I  imagine,  that   the  mind's,  wane  of 
power  over  the  motion  of  the  heart ;   is 
not   only  owing    to   its   being  continually 
acted  upon  by  a  jlimulus  %  but  in  part  to 

an 

*  Se#.  i.    N°  12.  Sc  13,  above. 
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an  original  conftitution  *  ;  and  that  tho* 
we  fhould  fuppofe  that  organ  for  a  little 
while  free  from  every  degree  of  irritation, 
yet  the  mind,  by  an  effort  of  the  will, 
could  not  move  it.  Thus,  notwithftanding 
the  mind  remains  prefent  with  the  body, 
and  ready  to  actuate  it  in  a  fyncope ;  yet  it 
can  neither  directly  renew  the  heart's  motion 
after  it  has  ceafed,  nor  communicate  a 
ftronger  contraction  to  it  when  it  is  jufi: 
going  to  fail:  and  there  is  no  reafon  to 
think,  that  thefe  animals  which  lie  in  a 
death-like  ftate  during  the  winter-feafon, 
have,  when  they  begin  to  revive  in  the 
fpring,  any  more  power  over  the  motion  of 
their  heart,  than  thofe  in  whom  its  mo- 
tions continue  without  any  fuch  inter- 
ruption from  the  beginning  to  the  end  of 
their  lives, 

Y  y  We 

*  By  an  original  conftitution,  I  here  mean  no  more,  than 
that  we  are  fo  formed,  that  the  mind,  which  can  at  pleafure 
move  moft  of  the  mufcles  of  the  body,  has,  from  the  beginning 
of  life,  no  power  to  move  the  heart  and  of.her  involuntary 
mufcles,  unlefa  when  it  is  excited  to  do  this  by  jllmuli  acling 
upon  them,  or  upon  fome  neighbouring  part  with  which  they 
have  a  peculiar  fympathy. 
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We  need  not,  therefore,  with  Mr  Lieutaud, 
have  recourfe  to  any  croflings  or  entrelace- 
ments  of  the  nerves  of  the  vital  organs,  or 
to  their  proceeding  from  different  parts  of 
the  brain,  in  order  to  account  for  their  not 
being  fubjeft  to   the  power  of  the  will  *:; 
efpecially  fince  we  fee  that  the  motions  of 
the  uvea  and  mufcles  of  the  internal  ear, 
notwithflanding  their  nerves  are  deftitute 
of  the   above  conditions,    are  equally  in- 
voluntary with  thofe  of  the  heart  *    that 
the  mufcles  of  the  arm,  whofe  nerves  have 
thefe  croflings,  are,  neverthelefs,  moved  by 
us  at  pleafure ;  and  that,  in  fhort,  even  the 
voluntary  mufcles,  when  affefted  by  any  re- 
markable Jlimulus,   ceafe  to  be  under  the 
controul  of  the  will  f  • 

Qbj.  V.  The  mind  can  only  perceive 
diflinctly  one  idea  at  once ;  and  therefore 
muft  be  incapable  to  attend  to  and  govern 
all  the  vital  and  involuntary  motions,  which 
are  fo  numerous  J, 

shfwer.  This  objection  is  chiefly  levels 
led  againft  the  opinion  which  fuppofes  the 

vita| 

*  EflYis  anatomiq.  p.  702.  &  Element.^Phyfiolog.  p.  72* 
p  See  above,  feft.  i.   N°  12.  &  13. 
i  Haller.  not.  in  Boevhaave  inftitut.  med.  p.  5S90 
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vital  motions  to  be  regulated  and  carried  on 
by  the  mind  as  a  rational  agent,  and  there- 
fore does  not  much  affeft  our  theory  :  for 
whether  the  mind  can  diftin&ly  apprehend 
more  ideas  than  one  at  a  time,  or  no,  yet 
furely  it  can  and  does  feel  various  fenfations 
in  different  parts  of  the  body  at  one  and 
the  fame  time ;  and  we  know  that  it  can 
move  many  of  the  voluntary  mufcles  in 
the  fame  inftant*  Why,  therefore,  may 
it  not,  in  confequence  of  the  perception 
of  various  Jlimuli  afTe&ing  the  different  vital 
organs,  move  them  alternately  ? 

But  further,  when  Mahomet  Caratta,  the 
the  famous  equilibrift,  flood  with  one  foot 
on  the  flack  wire,  toiling,  with  his  hands, 
fix  or  feven  balls  up  into  the  air,  and 
catching  them  again,  was  he  not  atten- 
tive to  more  than  one  thing  at  once  ?  In 
this  cafe,  the  equilibrium  of  the  body  was 
to  be  preferved,  the  balls  were  to  be  taken 
out  of  his  girdle,  they  were  feverally  to 
be  thrown  up  into  the  air,  to  be  caught 
as  they  came  down,  and  toffed  up  again  ; 
and  thefe  motions,  which  followed  each 
other  with  furpriflng  quicknefs,  were  con- 
tinued 
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tinued  far  fame  considerable  time.  Any 
man  can'  hear  a  found  and  perceive  a 
particular  colour  at  the  fame  time;  and 
though  ever  fo  attentive  to  thefe,  he  will 
not  fail,  if  a  fly  happens  to  run  along  his 
face,  to  drive  it  off  with  his  hand,  that  he 
may  avoid  the  tickling  fenfation  which  it 
excites.  In  like  manner,  how  much  foever 
the  mind  may  be  bufied  with  its  own 
thoughts,  or  the  ideas  of  external  objects ; 
yet  is  it  ever  ready  to  perceive  and  feel  the 
various  ftimuli  which  alternately  affed 
the  vital  organs,  and,  in  confequence  of  this, 
to  continue  their  motions.  Nor  is  there  a- 
nyneed  of  an  infinite  wifdom  in  the  mind, 
as  fome  have  objected,  to  enable  it  to  car- 
ry on  the  feveral  vital  and  other  involuntary 
motions,  with  different  and  always  varying 
degrees  of  force  and  quicknefs,  according  to 
the  different  circumftances  of  the  body; 
fince,  in  doing  this,  the  mind  has  no  parti- 
cular wife  ends  in  view  ;  nor  is  it  influenced 
by  any  rational  motives,  but  merely  by  the 
ftimuli  affedting  the  feveral  organs,  i.  e.  it 
afisas  a  sentient,  and  not  as  a  ratio- 
nal principle.     In  the  Author  of  nature, 

Ihowever, 
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however,  who  has  framed  both  the  foul  and 
body,  and  thus  adapted  them  to  each  other, 
we  ought,  as  upon  many  other  accounts,  fo 
alfo  upon  this,  to  acknowledge  a  wifdom 
that  is  infinite  and  unfearchable ! 

In  contemplating  'the  various  motions  of 
animals,  we  obferve  a  ftriking  analogy ;  a 
remarkable  agreement  in  fome  things,  and 
a  difagreement  in  others. 

1.  Some  of  the  voluntary  motions,  by 
the  force  of  cuftom  and  habit,  come  at 
length  to  be  performed  with  little  or  no  at- 
tention of  mind  ;  and,  though  we  have  full 
power  to  begin  or  ftop  them  when  we 
pleafe,  yet  they  become  fo  far  independent 
of  the  will,  that  we  can  only  perform  them 
in  a  certain  way,  Of  this  the  uniform  mo- 
tions of  the  eyes  are  an  example. 

2.  Nearly  a-kin  to  thefe  are  the  mix'd 
motions,  or  thofe  of  a  middle  nature  be- 
tween the  voluntary  and  involuntary  ;  fuch 
asrefpiration,  and  the  motions  of  the  eye- 
lids when  any  thing  (lightly   irritates    the 

cornea. 
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cornea.  Thefe  agree  with  the  motions  from 
habit,  in  being  often  performed  without 
confcioufnefs ;  but  in  this  they  differ,  viz. 
that  the  former  proceed  from  a  ftimulus,  and 
become  altogether  involuntary  when  this  is 
increafed ;  while  the  latter  owe  their  begin- 
ning to  an  effort  of  the  will,  and  are  always 
fubject  to  its  controuh 

3.  The  involuntary  and  mix'd  motions, 
agree,  in  general,  in  proceeding  from  a 
ftimulus,  and  in  being  moftly  performed 
without  confcioufnefs ;  but  differ,  in  the 
latter's  being  partly,  and  the  former  not  at 
all  under  the  power  of  the  will*  Some  of 
each  of  thefe  motions  never  ceafe,  but  go  on 
alternately  through  the  whole  of  our  lives ; 
while  others  are  only  excited  on  certain  oc- 
cafions :  among  the  former  kind  are  the 
motions  of  the  heart,  lungs,  and  alimentary 
canal :  of  the  latter  are  the  contraction  of 
the  pupil,  eye-lids,  and  mufcles  of  the  inter- 
nal ear.  . 

4.  In  fome  of  the  involuntary  motions, 
we  are  neither  confcious  of  the  Jlimulus,  nor 

of 
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of  the  effort  of  the  mind  in  confequence  of 
it ;  as  is  the  cafe  with  the  motion  of  the 
heart,  and  the  ordinary  vermicular  contrac- 
tion of  the  ftomach  and  inteftines.  In  o^ 
thers,  we  are  fenfible  of  the  irritation,  or 
difagreeable  perception  exciting  them,  but 
not  of  any  exertion  of  the  mind's  power : 
fuch  are  the  convulfive  contractions  of  the 
ftomach,  diaphragm,  and  abdominal  muf- 
cles  in  vomiting,  of  the  diaphragm  in  the 
hiccup,  of  the  interlines  in  purging,  and  of 
the  accekratores  urince  in  expelling  t he  femen. 

5.  With  refpect  to  the  mix'd  motions: 
hi'  thofe  of  the  eye-lids,  fo  far  as  they  are  of 
this  kind,  we  are  fenfible  of  the  irritation, 
or  caufe  exciting  them,  though  rarely  fo  of 
any  effort  of  the  will.— In  that  of  refpiration, 
neither  the ftimulus  affecting  the  lungs,  nor 
the  effort  of  the  mind  in  confequence  of  this, 
are  ufually  perceived ;  yet,  as  often  as  we 
pleafe,,  we  can  fufpend  or  vary  this  motion, 
as  freely  as  thofe  of  the  eye-lids. — In  the 
motions  of  the  diaphragm  and  abdominal 
mufcles,  in  expelling  the  excrement  and  u= 
jirief  which  are  alfo  of  the  mix'd  kind,  we 

are 
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are  perfectly  fcnfiblc  of  the  Jliniulus,  and  fre- 
quently of  an  exertion  of  the  mind's  power 
in  confequence  of  it ;  yet,  when  the  irrita- 
tion is  very  great,  thefe  motions  become  al- 
together convulfive  and  involuntary 

6.  Further,  it  appears,  that  as  in  all 
the  works  of  nature,  there  is  a  beautiful  gra- 
dation, and  a  kind  of  link,  as  it  were,  be- 
twixt each  fpecies  of  animals,  the  loweft  of 
the  immediately  fuperior  clafs,  differing  lit- 
tle from  the  higheft  in  the  next  fucceeding 
order ;  fo  in  the  motions  of  animals  fome- 
thing  fimilar  may  be  obferved  ;  the  mix'd 
motions,  as  they  are  called,  and  thofe  from 
habit,  being  the  link  between  the  voluntary 
and  involuntary  motions, 

£#/?/>',  From  what  has  been  advanced  in 
this  and  the  preceeding  fe&ions,  with  a  de- 
ficm  to  fliew  what  concern  the  mi'Id has  in 
producing  the  vital  and  other  involuntary 
motions,  it  clearly  follows,  that  the  human 
body  ought  not  to  be  regarded  (as  it  has 
too  long  been  by  many  Fhyfiologifts)  hs  a 
mechanical  machine,  fo  exquifitely  formed, 

as. 
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as,  by  the  mere  force  of  its  conftruction,  to 
be  able  to  perform,  and  continue,  the  feve- 
ral  vital  motions  *  ;  things  far  above  the 
powers  of  mechanifm  !  But  as  a  fyftem, 
framed  indeed  with  the  greateft  art  and 
contrivance;  a  fyftem!  in  which  the  pecu- 
liar ftructure  of  each  part  is  not  more  to  be 
admired  than  the  wife  and  beautiful  arrange- 
ment of  the  whole ;  neverthelefs,  as  a  fy- 
ftepi  whofe  motions  are  all  owing  to  the 
active  power,  and  energy,  of  an  immateri- 
al fentient  principle  to  which  it  is  united, 
and  by  which  every  part  of  it  is  enlivened 
and  actuated. 

In  accounting  for  the  vital  and  other  in- 
voluntary motions  of  animals,  we  have 
ihewn,  that  they  are  all  owing  to  irritation  ; 
and  have  pointed  out  the  particular  Jlitnuli 
applied  to  the  feveral  organs,  and  exciting 
them  into  action ;  we  have  further  fhewn, 
that  thefe  ft imuli  can  only  produce  their  ef- 
fects by  the  influence  they  have  upon  the 
mind  or  fentient  principle.  But  what  way 
the  mind  puts  the  mufcles  into  motion ;  what 
Z  z  is 

*  Sec  Heifter's  Diilert.  de  preftant.  medicin.  mechanic,  p.  22. 
*<y  tj\.  69. 
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is  the  material  caufe  in  the  brain,  nerves, 
and  mufcular  fibres,  which  it  employs  as  its 
inftrument  for  this  purpofe ;  what  the  in- 
timate ftru&ure  of  a  mufcular  fibre,  or  the 
precife  manner  in  which  the  nervous  influ- 
ence adts  upon  it,  when  it  produces  its  con- 
traction :  thefe  are  queftions  we  have  whol- 
ly avoided,  being  perfuaded  that  whatever 
has  been  hitherto  faid  on  thefe  fubjects,  is 
mere  fpeculation;  and  that  to  offer  any 
new  conjectures  on  matters  fo  greatly  invol- 
ved in  darknefs,  and  where  we  have  neither 
tdatanov phenomena  to  fupport  us,  is  to  load 
a  fcience  already  labouring  under  hypotbcfes 
with  a  new  burden. 

To  complete  our  account  of  the  fponta- 
neous  motions,  it  now  only  remains,  that 
we  inquire  into  the  reafons  why  the  vital 
motions  continue  in  time  of  fleep,  and  why 
the  mufcles,  or  a  few  of  their  fibres,  are  of- 
ten obferved  to  move  for  fome  time  after 
death   or  their  feparation   from  the  body. 


SECT. 
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SECT-     XII. 

Of  the  reafon  *why  the  vital  motions  continue  in 
time  ofjleep. 

THE  reafon  why  the  vital  organs  are 
continually  agitated  with  alternate 
contractions,  while  the  other  mufcles  of  in- 
voluntary motion  are  contracted  on  certain 
occafions  only,  may  fully  appear  from  what 
has  been  already  offered  ;  for  we  have  feen 
that  the  former  are  always  expofed  to  the 
action  of  Jlimuli,  the  latter  only  at  particu- 
lar times.  But  fince,  during  ileep,  the  or- 
gans of  fenfe  become  lefs  lit  for  receiving  the 
impreffion  of  external  objects,  and  the  vo- 
luntary mufcles  are,  in  fome  meafure,  relaxed 
and  remain  inactive,  it  may  bealked,  why 
the  vital  motions  do  not  at  this  time  either 
ceafe  altogether  ,or  become  remarkably  lan- 
guid ? 

To  fay  here,  that  the  vital  motions  muft 
therefore  go  on  without  being  weakened  or 
difturbed,  [bccatife1  their  organs  are  equally 
iftfcd  upon  by  their  proper   ftimuli,    both 

when 
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when  we  are  awake  and  Heeping,  would  be 
an  incompetent  anfwer  to  this  queftion  ;  for 
though  the  ftimuiating  caufe  be  granted  to 
continue  the  fame,  yet  if  the  organ's  apti- 
titude  for  motion  be  leflened,  the  effect  mud 
be  the  fame,  as  though  the  Jlimulus  were 
weakened  or  entirely  wanting.  The  diffi- 
culty, therefore,  which  we  are  to  endeavour 
to  remove,  is,  why  the  vital  organs  fhould 
not,  like  the  organs  of  fenfe  and  mufcles  of 
voluntary  motion,  be  fo  far  affected  by 
fleep,  as  to  become  lefs  fit  or  able  to  per- 
form their  ufual  functions  ? 

Sleep  has  been  fuppofed  to  be  owing  to 
fome  change  produced  in  that  part  of  the 
body  which  Anatomifts,  diftinguifhing  it 
from  the  cerebellum,  call  the  brain.  And 
this  opinion  feems  to  have  been  rendered 
probable  by  fome  inftances  of  people  who, 
having  loft  part  of  their  fkujl,  were  immedi- 
ately feized  with  fleep,  whenever  their  brain 
was  gently  prefled  ;  and  by  thofe  experi- 
ments which  fhew,  that,  inftead  of  fleep, 
death  itfelf,  or  at  leaft  zfyncope,  is  the  efFecl: 
pf  a  like  comprefiion  upon  the  cerebellum^ 
If,  therefore,  it  could  he  made  appear,  that 

the 
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the  vital  organs  have  their  nerves  chiefly 
from  the  cerebellum,  and  not  from  the  brain, 
it  might  be  prefumed,  that  their  motions 
continue  in  time  of  fleep,  becaufe  the  nerves 
of  the  cerebellum  are  not  then  affe&ed  like 
thofe  of  the  brain. 

Now  there  are  many  experiments  of  Viz 
eujjem  *,  Ridley  f,  and  others,  fhewing,  that 
refpiration  and  the  motion  of  the  heart  are 
quickly  ftopt  upon  wounding  the  cerebellum, 
but  that  wounds  in  the  brain  produce  little 
or  no  change  in  thefe  motions.  On  the  o- 
ther  hand,  feveral  authors  of  great  reputa- 
tion and  unqueftioned  veracity  allure  us, 
that,  in  their  experiments,  the  vital  mo- 
tions continued  for  fome  confiderable  time 
after  the  cerebellum  had  been  cut  in  pieces. 
However,  it  does  not,  by  any  means,  appear 
from  other  experiments  of  thefe  very  au- 
thors, that  wounding  the  brain  or  cut- 
ting it  in  pieces  affe&ed  the  vital  motions 
more,  or  even  fo  much,  as  the  fame  treat- 
ment of  the  cerebellum.  Are  we  then  to  con- 
clude, from  thefe  experiments,   that  neither 

the 

*  Neuograph.  lib   i.  cap.  20. 

f  Anatomy  of  the  brain?  chap.  17. 
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the  brain  nor  cerebellum  are  neceffary  to  the 
motions  of  the  vital  organs  ?     By  the  like 
kind  of  reafoning,   it  would  feem,  that  the 
nerves  alfo,    and  the  influence  they  may 
have,  are  unneceffary  in  the  producing  of 
thefe  motions,  fince  that  of  the  heart  has 
been  known  to  remain  a  confiderable  time 
after   the   intercoftals   and    eight   pair   of 
nerves   have  been  cut.     Do  thefe  experi- 
ments,  therefore,   which  prove   too  much, 
prove  nothing  at  all?    Far  otherwife.    The 
true   inference  feems   rather   to    be   this ; 
That,   fince  various  experiments  concur  in 
fhewing  the  cerebellum  to  be  more  concern- 
ed in  the  vital  motions  than  the  cerebrum, 
while  none  at  all  can  be  produced  in  proof  of 
the  cerebrum  being  more  immediately  ne- 
ceffary to   thefe    than    the   cerebellum*,    it 

follows, 

*  In  the  accurate  Dr  Kaaus  experiments,  the  vital  motions 
continued  in  a  dog,  above  eight  hours  after  the  medullary  part 
of  the  brain  was  broken  down  into  a  pulp  ;  but  when  the  me- 
dullary fubftance  of  the  cerebellum  was  treated  in  the  fame  way, 
though  they  did  not  ceate  inftantly  yet  they  began  to  fail  in 
a  few  minutes  f .  When  the  cerebellum  was  wounded,  with- 
out 
t  Irppet.  faciens.  N.  325. 
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follows,  that  the  vital  organs  have  their 
nerves,  either  wholly  or  principally,  from 
the  latter. 

But  though  the  cerebellum  be  the  chief 
fource  of  the  vital  nerves,  yet  itsdeftrudtion 
does  not  put  an  immediate  flop  to  the  vital 
motions,  for  the  fame  reafon  that  cutting 
off  the  head,  or  tying  the  intercoftal  and 
eight  pair  of  nerves,  does  not  produce  this 
effect ;  /.  e.  becaufe  the  branches  from  the 
fpinal  marrow  which  join  the  intercoftals 
together  with  the  fpirits  (if  I  may  be  allow- 
ed to  call  the  influence  of  the  brain  by  that 
name)  remaining  in  the  trunks  of  the  nerves 
and  fibres  of  the  heart,  are  fufficient  to  keep 
up  thefe  motions  for  fome  time:  in  man, 
perhaps,  only  for  a  few  pulfations,  in  young 
dogs  or  cats  for  feveral  hours,  and  in  a  tor- 
toife  for  feverai  months ;  which  iaft  animal, 
not  to  mention  other  differences,  has  its  fpi- 
nal marrow  remarkably  large:  nay,  the 
motion  of  the  hearts  of  many  animals,  after 
they  are  taken  out  of  their  bodies,   affords 

us 

out  touching  the    cerelrum,   the  heart's  motion  failed  foon-- 
than  when  the  brain  alone  was  wounded  #. 
*  Jmpet.  faciens.  N.  3:2,6. 
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us  ocular  demonftration  that  the  nervous  in- 
fluence, lodged  in  the  fibres  of  the  heart  and 
in  the  fmaller  filaments  of  the  nerves,  is  fuf- 
ficient  to  continue  the  motions  of  this  muf- 
cle  for  iome  time,  or  to  enable  it  to  perform 
a  great  number  of  contractions.  * 

The  inftances  given  us  of  animals,  whofe 
cerebellar  upon  opening  them,  were  found 
fcirrhous,  corrupted,  or  other  wife  difeafed, 
avail  no  more,  towards  proving  that  the  vi- 
tal organs  don't  derive  their  nerves  chiefly 
from  this  part,  than  do  the  hiftories  of  offi- 
fied  and  petrified  brains,  or  of  monfters  bora 
with  no  brain  at  all,  towards  making  it  a 
clear  point  that  the  brain  and  nerves  are,  in 
fact,  not  the  fource  of  fenfe  and  motion  f . 

But  as  it  is  now  acknowledged,  by  the 
beft  anatomifts,  that  the  5th  pair  of  nerves 

proceeds 

*  The  learned  M.  de  Hallcr  indeed,  has  concluded  from  the 
continuance  of  the  heart's  motion  after  its  feparation  from  the 
body,  that  it  cannot  be  owing  to  the  influence  of  the  nerves  j 
but  this  phenomenon  does  not  warrant  any  fuch  conclufion  ; 
and  that  the  moving  power  of  ail  our  mufcles,  the  heart  not 
excepted,  proceeds  from  the  nerves  I  have  clearly  proved 
in  my  Phyfiological  LfTuys,  Edit.  ii.  appendix,  pag.  245.   Sec* 

f  See  Sea.  \.  N°  !,  above, 
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proceeds  from  the  cerebellum,  which,  howe- 
ver, is  not  diftributed  to  the  vital  organs, 
but  chiefly  to  the  teguments  of  the  head, 
and  mufcles  of  the  face,  whofe  motions  are 
voluntary;  it  maybe  faid,  that  allowing  the 
nerves  of  the  vital  organs  to  come  from  the 
cerebellum,  yet,  why  lhould  not  they  fufter 
the  fame  diminution  of  their  vigour  in  time 
of  fleep,  as  do  thofe  parts  to  which  the  fifth 
pair  of  nerves  is  diftributed? 

In  order  to  throw  fome  light  on  this 
point,  it  may  be  of  ufe  to  inquire, .briefly,  in- 
to the  effects  of  fleep  on  the  fentient  and 
moving  power  of  the  nerves ;  for  from  this 
it  will  appear,  whether  or  not  the  vital  or- 
gans may  reafonably  be  expected  to  conti- 
nue their  motions  during  fleep,  even  fup- 
pofing  them  to  be  equally  affe&ed  by  it,  as 
are  the  mufcles  of  voluntary  motion. 

In  time  of  fleep,  the  fenfirium  commune 
remains,  in  a  great  meafure,  at  reft,  and 
confequently  the  ufual  exercife  of  the  inter- 
nal fenfes,  and  the  voluntary  motions,  are 
fufpended  ;  but  the  nerves  diftribured  to 
the  feveral  parts  of  the  body  do  not  lofe 
either  their  fentient  or  moving  power.  It 
A  a  a  muft 


yjQ  Of  the  Vital  and 

Biuft  be  acknowledged,  however,  that  m 
time  of  fleep  our  feelings  are  lefs  acute, 
than  when  we  are  awake  -r  and  hence  the 
fame  irritation  in  the  trachea  makes  us 
cough  lels  in  the  former,  than  in  the  latter 
ftate  ;  but,  not withftanding  this,  the  nerves 
continue  to  be  fo  fenfible,  that  not  only 
pricking  any  part  of  the  body  with  a  pin, 
but  touching  it  gently  wkh  one's  hand,  or 
whifpering  foftly  into  the  ear,  will  break  off 
fleep  in  many  people.  A  nd  as  the  feeling  of  the 
parts  of  the  body,  although  it  be  impaired, 
is  not  fufpended  in  time  of  fleep,  fo  neither 
is  their  motion.  Thus,  altho>  upon  one's 
falling  afleep,  the  mufcles  which  fupport 
the  head  ceafe  to  a-ft  with  their  ufual 
force,  beeaufe  the  will  does  not  exert  its 
power  in  contracting  them,  m  the  fame 
manner  as  when  we  are  awake,  yet  neither 
thefe  mufcles  nor  thofe  of  the  face  are  at 
that  time  deprived  of  the  nervous  power; 
for,  if  a  horfe's  hair  be  drawn  along  the 
fece  of  a  child  when  it  is  afleep,  the  muf- 
cles of  the  cheeks  and  mouth  will  be  vari- 
oufly  contra&ed  ;  and  if  this  irritation  be 
continued,    the  child  will  at  length  move 

its 
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its  head,  and  perhaps  turn  its  whole  body. 
In  like  manner,  uneafy  feelings  in  time  of 
fleep  often  make  us  move  and  tofs  about  in 
bed  ;  and  fome  people  not  only  talk  when 
afleep,  but  get  up  and  walk  from  one  room 
to  another. 

It  appears,  therefore,  that  in  time  of 
fleep  there  is  no  fuch  diminution  of  the  fen- 
tient  or  moving  power  of  the  nerves  as  to 
unfit  the  mufcles  of  voluntary  motion  for 
adtion,  provided  the  mind  be  excited,  ei- 
ther by  external  Jiimuli,  or  by  certain  ideas 
produced  in.  the  fenforium  commune,  to  put 
them  in  motion;  but  when  neither  of  thefe 
caufes  exift,  it  is  no  wonder  if  they  remain 
at  reft  ;  for  the  voluntary  motions  do  not 
depend  fok'y  on  the  parts  being  in  a  fit  ftate 
for  a6tion,  but  on  an  exertion  of  the  power 
of  the  will ;  which  does  not  take  place  in 
time  of  fleep,  unlefs  when  the  feiforium 
commune  is  difturbed,  or  the  nerves  of  fome 
part  of  the  body  are  affe&ed  by  an  unufual 
ftimuhts.  /nd  indeed,  there  is  the  greater! 
reafon  to  believe,  that  were  any  of  the  vo- 
luntary mufcles  as  conftantly  expofed  to  the 
afiion   of    an    irritating   caufe    as  is   ths 

hmn9 
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heart,  they  would  at  all  times,  when  wc 
are  afleep  as  well  as  awake,  be  agitated  with 
alternate  contractions.  As  a  proof  of  this, 
many  inftances  might  be  given  of  the  vo- 
luntary mufcles  continuing  to  move  in  time 
of  fleep.  Thus,  in  afthmatic  cafes,  the  pa- 
tients often  perform  infpiration,  when  a- 
fleep,  partly  by  the  adtion  of  thofe  volun- 
tary mufcles  which  ferve  to  raife  the  fca. 
pulce  and  fuperior  parts  of  the  thorax  ;  and 
there  have  not  been  wanting  various  in^ 
fiances  of  other  voluntary  mufcles  being 
affedted  with  convulfive  motions  which  did 
not  ceafe  in  time  of  fleep.  I  fhall  only 
mention  one  that  was  very  remarkable. 

A  Girl  of  8  years,  for  whom  my  advice 
was  afked,  was,  without  any  known  caufe, 
feized  with  an  alternate  involuntary  motion 
of  the  temporal  and  tnajjeter  mufcles, 
which,  altho'  it  was  repeated  about  140 
times  in  a  minute,  and  continued  without 
intermiffion  for  fifteen  days  in  time  of  fleep 
as  well  as  when  the  patient  was  awake,  yet 
was  attended  with  no  fenfe  of  pain,  uneafi- 
nefs  or  laflkude  in  thofe  mufcles. 

Now, 
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Now,  if  an  unufual  irritation  of  the 
nerves  or  fibres  of  the  temporal  and  majfeter 
mufcles  could  produce  an  alternate  motion 
in  them,  much  quicker  than  that  of  the 
heart  in  a  found  ftate,  and  which  continued 
for  many  days  without  any  intermiflion  ; 
why  may  not  the  heart,  which  is  at  all  times 
expofed  to  the  alternate  Jiimulus  of  the  re- 
turning venous  blood,  continue  its  alternate 
motions  through  the  whole  of  life,  without 
either  being  wearied,  or  needing  any  time 
for  repofe  ?  And  this  the  rather,  fince  it  is 
not  improbable,  that,  as  the  heart  and  in- 
teftines  retain  their  power  of  motion,  after 
they  are  feparated  from  the  body,  longer 
than  the  other  mufcles,  fo  their  nerves  may 
be  framed  in  fuch  manner,  as  to  be  better 
able  than  thofe  of  the  voluntary  mufcles, 
to  continue  their  motion  uninterrupted,  and 
without  needing  any  intervals  of  reft, 

I  fhall  only  add,  that  the  account  I  have 
given  of  the  continuance  of  the  vital  mo- 
tions in  time  of  fleep,  is  rendered  flill  more 
probable,  by  obferving,  that,  in  a  deep  fleep, 
when  the  heart,  as  well  as  the  other  muf- 
cles and  organs,  lofes  a  little  of  its  fenfibility, 

its 
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its  motion  becomes  fomewh?t  flower  than 
when  we  are  awake  ;  and  that  opium,  which 
is  known  to  deftroy,  in  a  great  meafure,  the 
fentient  power  of  all  the  parts  of  the  body, 
has  been  obferved  to  render  the  motions  of 
the  heart  remarkably  flow  in  dogs,  frogs, 
and  other  animals  *, 

As  the  minute  ftrudture  and  diflinft  ufes 
of  the  brain  and  cerebellum  are  very  little 
known,  I  am  far  from  expecting,  that  what 
I  have  now  advanced,  concerning  the  caufe 
of  the  continuance  of  the  vital  motions  in 
time  of  fleep,  will  give  every  one  full  fatit 
faftion,  or  be  thought  quite  clear  of  all  dif- 
ficulties ;  I  have  only  offer  fed,  in  a  few 
words,  what  feems  to  nue  moft  probable,  be- 
ing ready  to  change  my  opinion,  as  foon  as 
farther  experiments  or  obfervations  fhall  lead 

us 

*  The  learned  M.  de  Hatler,  who  allows  that  opium  weak- 
ens and  at  length  deftroys  the  periftaltic  motion  of  the  ftomach 
and  inteftines,  and  the  moving  power  of  all  the  other  mufcles, 
trufting  to  two  or  three  inaccurate  experiments,  which  really 
prove  nothing,  has  been  led  into  fo  great  an  inconfi fieri cy,  as 
to  affirm  that  opium  does  not  leffen  the  irritability  of  the  heart, 
or  render  its  motion  flower  or  more  languid.  A  miftake, 
which  has  been  fufTkiently  refuted  in  the  appendix  to  the  2.  edi- 
tion of  my  Phyliological  fcflays  pag  284— -T-296. 
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us  to  a  better  and  more  confident  account 
of  this  matter.  Sequimur  probabiliora ;  nee 
ultra  quam  id  quod  verifimde  occur r it  progredi 
pojfumus,  et  refellere  fine  p:rtinaciai  et  rfelli 
fine  iratimdia,  parati  fumus*. 


SECT.     XIII. 

Of  the  difference  between  refpiration  and  the  mo- 
tion of  the  heart  injleeping  and  waking  per- 
fons. 

ALthough  the  vital  motions  continue 
without  any  interruption  in  time  of 
fleep,  yet  as  they  fuffer  fome  change  at  that 
time,  u  e.  become  then,  fomewhat  fuller, 
flower,  and  more  equable  than  when  we  are 
awake,  it  may  be  worth  while  to  inquire 
into  the  reafon  of  this  phenomenon. 

It  has  been  fhewn,  that  as  the  dilatation 
of  the  ventricles  of  the  heart,  is  owing  to 
the  force  of  the  refluent  venous  blood  ;  fo 
their  contraction  is  produced,    by  the  fame 

blood 

*  Ciceron.  difput.  Tufculan.  lib.  2„ 
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blood  ailing  upon  them  as  zftimulus  *':  and 
that  the  heart  can  only  be  affefted  by  ftir 
muliy  in  fo  far  as  it  is  afentient  organ,  k  e. 
endued  with  feeling  f.  Whence  it  muft 
follow,  that  the  flownefs  of  the  pulfe  in 
fleep,  and  indeed  in  every  other  cafe,  can 
only  arife  from  one  or  more  of  the  following 
ceneral  caufes.  viz.  I.  A  diminution  of 
the  ftimulating  quality  of  the  blood.  2.  Its 
flower  return  to  the  heart ;  or,  3.  A  lels  de- 
gree of  fenfibility  or  aptitude  for  motion  in 
the  heart  itfelf. 

I.  When  one  has  eat  or  drunk  a  great 
deal  before  fleep,  his  pulfe  will  be,  not  flow, 
but  quick  and  full ;  becaufe  the  ftimulating 
power  of  the  blood  is  increafed,  by  a  large 
quantity  of  chyle  received  into  it ;  at  the 
fame  time  that  the  heart,  by  its  fympathy 
with  the  flomach,  is  often  rendered  more 
irritable.  Much  the  fame  thing  may  hap- 
pen from  fleeping  in  too  hot  an  air,  or  un- 
der too  great  a  weight  of  cloaths:  for  we 
know,  that  heat  quickens  the  circulation  of 

the 

*  See  above,  feci,  iii.  and  iv. 

f  See  above,  fed.  x,  alfo  pag.  300.  ire. 
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the  fluids  in  all  animals.  On  the  other 
hand,  when  one  has  fafted  long  before  fleep, 
and  lies  very  cool,  his  pnlfe  will,  in  time  of 
it,  be  unufually  flow. 

But  when  the  blood  is  neither  loaded 
with  new  chyle,  nor  become  acrid  through 
the  want  of  it ;  neither  too  much    heated 
by  cloaths  or  the  external  air,  nor  too  cool, 
thro*  want  of  proper  covering ;    its  ftimula- 
ting  quality  will  neither  be  augmented  nor 
diminifhed  by  fleep;   but  will   continue  the 
fame  as  in  a    perfon   who  is  afleep  in  the 
fame  circumftances.     It  remains  therefore, 
that  the  flownefs  of  the  heart's  motion  in 
time  of  fleep,  be  owing,  either  to  the  flower 
return  of  the  venous  blood  to  it,  or  to  fome 
diminution  of  its  fenfibility. 

II.  It  is  well  known,  that  the  affec- 
tions of  the  mind  difturb  the  motion  of  the 
heart ;  that  the  pulfe  is  quicker  when  we 
fit  or  (land  than  when  we  lye  ;  and  that  the 
a&ion  of  the  mufcles  of  voluntary  motion, 
not  only  promotes  the  return  of  the  blood 
to  the  heart*  but  determines  it  thither,  with 
much  greater  force  than  ufual.  In  fleep 
therefore,  where  the  horizontal  poflure  of 
B  b  b  the 
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the  body,   the  quiefccnce  of  the  voluntary 
mufcles,   and  compofure  of  the  mind,   all 
concur  to  render  the  return  of  the  venous 
blood  to  the  heart,  more  equable  and  flow, 
the  contraction  of  this  organ  muft  be  renew- 
ed  at  greater   intervals,   and  with   more 
regularity,    than  when  we  are  awake,  and 
the  circulation  is  quickened  or  difturbed  by 
fome,  or  all,  of  the  above  mentioned  caufes. 
But,  if  no  farther  circumftance,  tending 
to  retard  the  heart's  motion,  were  found  i& 
fleep,   the  pulfe  fhould  be  equally  flow  aurf 
full  in  a  waking  perfon  lying  at  reft  in  a 
horizontal  pollute,  and  whofe  mind  is  com- 
pofed,  as  in  the  fame  perfon  in  time  of  fleep ; 
which,  however,  does  not  feem  to  be  entire- 
ly the  cafe:  for  the*  the  difference  may  be 
frnall,  and  there  may  be  many  caufes  which 
may  render  it  difficult,    by  obfervation,   to 
determine   that  difference  with  any  degree 
of  certainty;  yet    the  remarkable   flownefs 
and  fulnefs  of  the  pulfe  in  the  deep   fleep, 
accompanying  an  appoplexy  or  occafioned 
by  opium,  makes  it  highly  probable,   that  e- 
venin  the  much  gentler  fleep  of  perfons  in 
health,   the   pulfe  is  fomewhat   flower  and 

fuller, 
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fuller,  than  it  would  be,  merely  from  the 
compofure  of  mind,  horizontal  pofition  of 
the  body,  and  quiefcence  of  the  mufcles  of 
voluntary  motion.  Let  us  therefore  fee, 
whether  the  flownefs  and  fulnefs  of  the 
heart's  motion  in  time  of  iieep,  may  not  be, 
in  part,  owing  to  fome  diminution  of  the 
fenfibility  of  this  organ. 

III.  In  time  of  fleep,  as  the  exercife  of 
the  feveral  ienfes,  is  either  fufpended  or 
much  impaired  5  fo  the  fenfibility  or  feel- 
ing, with  which  the  organs  of  the  body  are 
more  or  lefs  endued,  feetns  to  be  rendered 
lefs  acute.  Thus  we  feel  ourfelves  affe&ed 
with  a  kind  of  ftupor,  when  we  are  juft  fal- 
ling afleep,  and  are  then  infenfible  of  lefTer 
JiimulL  The  thin  rheum,  which,  by  irrita^ 
ting  the  wind-pipe,  keeps  us  almoft  perpetu*- 
ally  coughing  when  awake,  gives  us  little  or 
no  difturbance  in  fleep:  any  unxxfuzl  Jiimu- 
lus  in  the  inteftines  is  alfo  lefs  perceived 
then  ;  and  hence  it  is,  that  a  dofe  of  any 
purgative  taken  at  night,  is  much  longer  be- 
fore it  operates,  than  when  it  is  fwallowed 
in  the  morning.  If  the  heart  therefore, 
like    the    other  organs  of  the  body,    be* 

comes 
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comes  lefs  fenfible  or  irritable  in  time  of 
fleep,  it  will  not  be  fo  quickly  excited  into 
contraction  as  ufual,  by  the  venous  blood 
rufhing  into  its  cavities ;  and  hence  its  con- 
tractions will  not  only  be  more  flowly  repeat- 
ed, but  the  pulfe  will  be  full,  becaufe  the 
ventricles  do  not  contract,  till  they  are  much 
diflended  with  blood.  This  will  (till  fur- 
ther appear,  if  we  confider  how  remarkably 
flow  and  full  the  pulfe  is,  in  an  appoplexy, 
where  the  fenfibility  of  all  the  parts  and 
their  aptitude  for  motion,  are  much  more 
impaired  than  in  common  fleep:  and  how 
opium,  which  occafions  fleep,  and  lefTens  the 
fenfe  of  feeling  every  where  thro*  the  body, 
when  given  in  a  large  dofe,  renders  the  pulfe 
uncommonly  flow  and  full. 

■  Does  not  the  flower  digeftion  of  the  ali- 
ment in  time  of  fleep,  proceed,  partly,  from 
the  periftaltic  motion  of  the  ftomach  and 
guts  being  then  repeated  after  longer  inter- 
vals? In  dogs  who  have  got  a  large  dofe  of 
opium,  this  motion  is  very  much  leflened  or 
totally  fufpended,  the  food  laft  received  in- 
to the  ftomach  remains  there  indigefted, 
the  bowels  are  more  than  ufually  empty,  and 

the 
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the  lafleal  veflels  inviflble  *.  In  deep,  there- 
fore, not  only  the  heart  but  the  flomadi 
and  .inteftines  alfo,  become  lefs  fenfible  of 
the  flimuli  ufually  affedting  them,  and  con- 
sequently repeat  their  contractions  more 
flowly. 

De  Gorier,  differing  from  Boerbaave  and 
other  authors,  thinks,'  that  the  pulfe  muft 
be,  not  fuller,  but  foftar  in  time  of  fleep,  be- 
caufe  the  circulation  of  the  blood  is  allow- 
ed, then,  to  proceed  more  {lowly  than  when 
we  are  awake  f .  But,  from  what  has  been 
faid,  it  appears,  that  the  fulnefs  of  the  pulfe 
in  fleep,  is  not  owing  to  the  quicker  circula- 
tion of  the  blood,  but  to  a  lefs  degree  of  fen- 
fibility  in  the  heart,  whereby  its  ventricles 
are  not  excited  into  contraction,  till  they 
have  been  more  fully  dilated,  than  ufual, 
by  the  returning  blood.  It  is,  however, 
to  be  obferved,  that  the  fulnefs  of  the  pulfe 
in  fleep,  may  be  owing  partly,  to  the  fluids 
palling,  with  greater  difficulty,- thro'  the  ve- 
ry fmall  lateral  arteries,   and    the  fecretory 

tubes 

*  Kaau  impet.  faciens  Hippocrat.  di&um,  No  434.  535. 
f  De  Ccrter,  Exercitat.  de  fcmno  et  vigilia,  §  xl. 
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tubes  of  the  glands  *•  For  we  know  that 
the  fulnefs  or  foftnefs  of  the  pulfe  does  not 
depend,  folely,  upon  the  quantity  of  blood 
thrown  out  by  the  left  ventricle  of  the 
heart,  but  alfo  upon  the  more  or  lefs  diffi- 
cult paflage  of  this  fluid  thro*  the  extreme 
arteries ;  fince,  in  proportion  as  thefe  are 
obftru&ed  or  open,  a  greater  or  lefs  refift* 
ance  will  be  oppofed  to  the  blood  projected 
by  the  heart. 

After  what  has  been  faid  of  the  flow* 
nefs  of  the  heart's  motion  in  fleep,  it  will  be 
eafy  to  (hew  why  refpiration  fhould  be  pen? 
formed,  then,  at  greater  intervals. 

Th  e  caufe  exciting  the  alternate  con* 
tra&ion  of  the  infpiratory  mufcles,  is  an  un- 
eafy  fenfation  in  the  lungs,  occafioned  by 
the  blood  pufhed  into  their  veflels  by  the 
right  ventricle  of  the  heart  f.  If  then  lefs 
blood  is  fent,  in  a  given  time,  into  the 
lungs,  in  fleep,  than  when  we  are  awake ; 
the  neceflity  of  new  fupplies  of  frefti  air  will 
beleflened,  and  corjfequently  infpiration  will 
be  performed  at  greater  intervals. 

Further 

*  JSoerhaave  Inftitut.  med.  §  507. 
f  See  Setf .  tiii.  above. 
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Further,  as  in  time  of  fleep,  the  fenfi- 
bility  of  the  lungs,  like  that  of  the  heart 
and  guts,  muft  be  fomewhat  impaired,  re- 
fpiration muft  alfo,  on  this  account,  be  per- 
formed more  flowly;  for  the  infpiratory 
mufcles  will  not  be  excited  into  a&ion  till  a 
greater  degree  of  irritation,  than  ufual,  be 
occafioned  by  the  blood  accumulated  in  the 
pulmonary  veflels.  And,  to  this  it  is  ow- 
ing, that  refpiration  is  not  only  flower  but 
fomewhat  deeper  in  time  of  fleep,  than  in 
a  waking  perfon  at  reft  in  a  horizontal  po- 
fition. 

In  comatous  and  appople&ic  cafes,  where 
all  the  feelings  of  the  body  are  much  more 
impaired  than  in  ordinary  fleep,  refpiration 
is  not  only  much  flower  and  deeper  than  u- 
fual,  but,  fometime?,  after  expiration  is  fi- 
nifhed,  a  paufe  of  15,  20,  30,  or  more  fe- 
conds  will  intervene,  before  a  new  infpira- 
tion  is  begun.  Much  the  fame  thing  hap- 
pens to  animals  who  have  fwallowed  too 
great  a  quantity  of  opium  *. 

Now,  if  it  be  reafonable  to  afcribe  the 
flow,  deep  and  interrupted   breathing,    in 

fuch 

*  See  above  pag«  216. 
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fuch  cafes,  to  the  infenfibility  which  attends 
thofe  difeafes  of  the  head  ;  and  which  opifon 
never  fails  to  produce,  when  taken  too  libe- 
rally; are  we  not  hence  led  to  conclude, 
the  lefs  remarkable  change  of  breathino- 
which  happens  in  fleep,  to  be  owing,  part- 
ly, to  the  fenfe  of  feeling  in  the  lungs,  be- 
ing then  fomewhat  diminiflied,  tho*  in 'a 
much  lefs  degree  than  in  thofe  morbid 
cafes  ? 

To  conclude  with  fummitig  up  what  has 
been  faid  in  a  few  words ,   in  ordinary  fleep 
the  fenfibility  of  the  heart  and  lungs  fuffer 
fo  fmall  a  diminution,    that  their  motions 
will  be  very  little  more  affeded  by  it,   than 
they  would  be  from   the  horizontal   posi- 
tion and  reft  of  the  body,  and  compofure  of 
mind  attending  it.     In  the  deeper   fleep, 
which  fucceeds  great  fatigue,   the  motions 
of  the  heart  and  lungs  will  be  more  obfer- 
vably  altered.     And,  in  the  mod  profound 
fleep,  occafioned  by  opium  or  a  morbid  ftate 
of  the  brain,   where  a  general  infenfibility 
prevails  over  the  whole  body ;  the  pulfe  will 
become   much   more  remarkably  flow  and 
full,  and  refpiration  flower  and  deeper. 

SECT. 
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SECT.     XIV. 

Of  the  motions  obferved  in  the  mu files  of  ani- 
mals after  death \  or  their  jeparatioti  from  the 
body* 

SInce  the  hearts  of  many  animals  con- 
tinue their  alternate  contractions  for 
fome  time  after  they  are  taken  out  of  their 
bodies ;  and  as  this  is  a  circumftance  which 
poffibly  may  be  miftaken  for  an  unanfwer- 
able  ohje&ion  to  the  account  we  have  given 
of  the  vital  motions,  %  we  fhall  here  inquire, 
C  c  c  particularly, 

*  Conftat  vero  pifcium  plurimos,  nee  non  infecla  et  alia 
quaedam  animalcula  motus  fui  aut  vitae  admodum  e(Te  tencia, 
adeo  ut  in  partes  quoque  dhTecTa  fe  aliquan  din  adhuc  moti- 
tent,  imprimis,  fi  adhibito  ftimulo  infuper  lareflantur.  Quo 
ipib,  luce  meridiana  clarius  apparet  motus  iftosfine  (enfuedi: 
quis  enim  animam  fen  tie  n  tern  dividi  aut  feclione  multiplicari 
poffe  exiftimet  ?     Ptytri  Parerg.  Anatom   vii.  p.  200. 

<*  Sed  manifefto  falfum  tft  motus  omnes  ab  anima  orlri, 
**  et  abfque  ea  materitm  fore  immobilem  fegnemque  mafiam. 
44  Nam  vis  contraftilis  ad  ftimulum  quemcor.que,  ad  quam 
r«  motus  cordis,  inteftinorum,  et  force  omnis  motus  in  ho- 
**  mine  pertinet,  re  rtquirit  quidem  ar.irna:  praefentiam, 
4t  fuperell  in  cadavere,  lufcita'ur  mechan  cis  can  fir',  calory 
u  flatu  ;  neque  deferit  rlbram,  quamdiu  nondum  reftigerata  ri- 
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particularly,  into  the  nature  and  caufe  of 
thofe  motions  which  are  fo  frequently  feen 
in  the  mufcles  of  animals  after  death,  or 
their  feparation  from  the  body  ;  and  we 
flatter  ourfelves  much,  or  it  will  hence  ap- 
pear, that  inftead  of  being  inconflftent  with 
our  theory,  they  ferve  rather  to  illuftrate 
and  confirm  it. 

Several  authors  (fome  of  them  indeed 
of  great  character)  have  afcribed  the  mo- 
tions of  the  heart  after  death,  or  its  fe- 
paration'from  the  body,  to  fome  peculiar 
property,  not  found  in  the  other  mufcles, 
wherewith  they  fuppofe  it  to  be  endued  *  : 
but   with   what  reafon,   will   appear  from 

the 

**  glut,  etfi  dudam  animam  abegerit  deftruclio  cerebri  cordif- 
{i  que,  etfi,  ex  ipfo  corpore  revulfus  mufculus,  ab  omni  ima- 
"  ginabili  animse  fede  feparatus  fit."  Haller,  Prim.  lin.  Phy> 
fiolog.    N°  562. 

*  Galen  imagined  that  motion  was  as  natural  to  the  heart 
as  rell  to  the  other  mufcles  :  and  in  his  Admimjlratio  anatom, 
lib.  vii  cap.  8.  he  concludes,  from  the  heart's  continuing  to 
move  after  it  is  taken  cut  of  the  thorax,  that  its  motions  do 
not  deptnd  upon  the  nerves  or  any  influence  proceeding  from 
tem.  Sse  alfo  Van  Swietty  comment,  in  aphor.  Bosrhaave,. 
vol  1.  p.  2.  &  3.  And  /.  C.  H.  comment,  in  Bosrh.  Inftit, 
rued.  vol.  5.  p.  ioi.  104- 
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the    following  experiments    and    obferva- 
tions. 

1.  An  eel,  which  I  differed,  moved  the 
mufcles  of  its  body  with  great  force,  for 
more  than  half  an  hour  after  the  removal 
of  its  heart  and  the  other  vifcera;  and, 
though  I  had  not  leifure  to  obferve  them, 
I  doubt  not  but  thefe  motions  continued  a 
much  longer  time ;  for  Dr  Harvey  has 
informed  us,  that  not  only  the  heart,  but 
alfo  the  flefh  of  eels  continues  to  move  after 
being  cut  in  pieces* 

2.  I  have  often  obferved  a  frog  turning 
from  its  back  to  its  belly,  and  leaping  about 
for  an  hour  after  the  heart  and  other  vifce- 
ra were  cut  out ;  and  when  its  mufcles 
were  at  reft,  they  have  been  brought  into 
convulfive  contractions,  by  pricking  them 
with  a  pin  or  a  penknife  :  nay,  a  frog's  limbs 
feldom  fail  to  move  for  fome  time  after 
they  are  feparated  from  its  body. 

3.  A  tremulous  motion  has  been  obfer- 
ved in  the  mufcles  upon  the  Jlernwn  for  z 

quarter 
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quarter  of  an  hour  after  it  was  cut  out  of 
the  body  ;  and,  when  it  had  ceafed,  it  was 
renewed  by  pricking  the  fibres  of  thefe  muf- 
eles  with  the  point  of  a  knife*.  The 
like  tremulous  motions  have  continued  for 
an  hour  in  the  muicle  of  an  ox  feparated 
from  its  body  immediately  after  it  had  been 
killed,  and,  upon  their  ceafing,  have  been 
recalled,  by  pricking  its  fibres  with  a  fharp 
inftrument  f . 

4.  In  a  young  pigeon,  which  I  killed 
by  feparating  its  head  from  the  vertebra  of 
the  neck,  the  divided  mufcles  of  the  left 
fide  of  the  thorax  (upon  which  fome  of  the 
blood  thrown  out  of  the  heart  had  been 
fpilt)  were  agitated  with  alternate  contrac- 
tions for  about  ten  minutes.  Thefe  con- 
tractions were  very  quickly  repeated  at  firft, 
but,  like  thofe  of  the  heart,  became  much 
flower  before  they  ft  opt  altogether. 

Were  not  the  alternate  contractions  of 
thefe  mufcles  more  remarkable,  and  of  long- 
er continuance,   on  account  of  the  fiimulus 

of 

*  Swcnckc  Hasmatolog.  p.  28, 
t  Ibid. 
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of  the  blood  which  was  fpilt  on  them  ?  This 
feems  not  at  all  improbable,  fince,  as  has 
been  obferved  above  *,  the  motions  of  the 
vena  cava  continue  longer  than  thofe  of 
the  heart,  becaufe  it  is  longer  fupplied  with 
blood.  Befides,  the  alternate  contractions 
which  happened  to  the  mufcles  of  the  tho- 
rax in  other  pigeons  which  I  opened,  and 
where  no  blood  was  fpilt,  were  much 
lefs  remarkable,  and  lafted  but  a  very  fhort 
time. 

5.  Swammerdam  tells  us,  that,  in  differing 
animals  alive,  he  obferved  contractions,  not 
only  in  every  mufcle  feparated  from  the 
body,  but  alfo  in  every  mufcular  fibre  f . 
And  the  fame  kind  of  motion  has  been 
remarked  in  the  mufcular  fibres  of  men, 
which  had  been  cut  away  in  the  extirpation 
of  tumors. 

6.  The  vermicular  motion  of  the  intef- 
tines  remains  for  a  confiderable  time  after 
they  are  taken  out  of  the  body. 

«  Hence 

*  Se&.  vi.  N°  3. 

f  Tra&at  de  refpirat.  cap.  7.  p.  67. 
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a  Hence  it  appears,  that  all  the  mufcles 
of  living  animals,  whether  they  be  of  the 
voluntary  or  involuntary  kind,  are  agitated 
1*  ith  alternate  contractions,  after  beino- 
feparated  from  their  bodies;  and,  confe- 
quently,  that  the  vibrations  performed  by 
the  hearts  of  animals,  after  they  are  cut 
out  of  the  thorax,  befpeak  not  any  latent 
power  pec  uliar  to  the  fibres  of  that  organ,  or 
which  they  do  not  fhare  in  common  with 
thofe  of  every  other  mufcle. 

£  If  the  voluntary  mufcles,  which  in  a 
heaithful  ftate  remain  at  reft  when  the  will 
interpofes  not  to  the  contrary,  are  alternate- 
ly contra&ed  and  relaxed,  as  well  as  the 
heart,  when  they  are  feparated  from  the 
body ;  it  cannot  be  concluded,  that,  be- 
cauie  the  heart  beats  after  fuch  feparation, 
it  muft  therefore  move  alfo  while  in  the  bo- 
dy :  on  the  contrary,  it  follows,  that  the 
alternate  motions  of  the  heart  in  living  ani- 
mals muft  be  owing  to  its  being  acted  upon 
by  iome  particular  caufe,  which  does  not  af- 
fect the  voluntary  mufcles. 

The 
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7  The  heart  of  an  eel,  which  I  cut  ouc 
of  its  body,  and  divided  into  two  parts,  con- 
tinued its  vibrations  above  twenty  minutes. 

8.  When  the  heart  of  an  eel  inclofed  in 
an  exhaufted  receiver,  afte^  beating  about 
an  hour,  had  become  very  languid,  and  al- 
moft  ceafed  from  motion,  Mr  Boyle  renewed 
its  pulfations,  by  breathing  on  that  part  of 
the  glafs  where  it  lay  * 

9.  I  have  obferved  the  hearts  of  frogs 
beat  12,  15,  18,  or  30  minutes  and  more, 
after  being  feparated  from  their  bodies ;  and 
when  their  motions  began  to  languifh,  or 
were  juft  about  to  ceafe,  they  were  increa- 
fed  or  renewed,  by  heat,  or  pricking  them 
with  a  pin. 

10.  The  hearts  of  frogs,  which,  when 
firft  feparated  from  their  bodies,  beat  about 
fixty  times  in  a  minute,  performed  from  be- 
twixt 90  and  1 00  pulfations  in  the  fame  time, 
when  expofed  a  little  to  the  heat  of  the  fire ; 
but,  after  being  removed  from  it,  their  vi- 
brations became  gradually  flower  and  flower, 

till 

*   Philofophic.  Trank.51.  abridg'd,  vol.  ii.  p.  222. 


392  Of  the  Vital  and 

till  they  were  no  quicker  than  at  firft.  While 
warmth  thus  increafes  and  renews  the  mo- 
tion of  the  heart,  even  in  thofe  animals 
whofe  blood  is  cold,  too  great  heat  deftroys 
it  both  in  hot  and  cold  animals,  by  produ- 
cing fuch  a  change  in  the  nerves,  mufcular 
fibres,  and  their  fluids,  as  renders  them  unfit 
for  motion.  Hence  the  heart  of  a  pigeon  or 
frog  immediately  lofes  its  motion  when  im- 
merfed  in  boiling  water. 

11.  The  hearts  of  vipers  continue  their 
alternate  motions  for  feveral  hours  after 
they  are  fevered  from  their  bodies  *. 

12.  A  viper's  heart,  which  beat  only  25 
times  in  a  minute,  when  Dr  Langrijh  firft 
took  it  from  its  body,  was,  by  the  warmth 
of  his  hand,  foon  made  to  perform  48  vi- 
brations in  that  time ;  and,  being  after- 
wards put  in  water  a  degree  or  two  warmer 
than  human  blood,  it  repeated  itspulfations 
87  times  in  a  minute  f. 

13.  Upon 

*  Boylt\    Ufefulnefs  of  Experimental   Philofophy,  part   2( 
p.  16. 
f  Cronean  Letfures  on  mufcular  motion,  N°  150. 
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13.  Upon  flretching  a  cock's  neck  fo  as 
to  feparate  the  head  from  the  vertebra  of 
the  neck,  feveral  violent  convulfions  enfued, 
and  in  lefs  than  five  minutes  he  feemed  to 
be  quite  dead.  At  this  time  laying  the  tho- 
rax open,  I  obferved  the  heart  performing 
its  alternate  motions,  but  much  more  faint- 
ly than  that  of  a  frog  or  eel  when  fepara- 
ted  from  the  body.  Three  minutes  after, 
v/hen  the  heart's  motion  was  become  yet 
weaker,  I  cut  it  out  of  the  body,  and  found 
its  veflels  and  cavities  had  been  filled  with 
blood  ;  which  was  no  fooner  evacuated, 
than  the  tremulous  motions  of  this  organ 
ceafed  ;  nor  could  they  be  recalled  by  brea- 
thing upon  it,  or  pricking  it  in  feveral  places 
with  a  pin ;  but,  by  touching  it  two  or  three 
times  with  a  red  hot  iron,  a  vibrating  con- 
traction was  obferved,  which  fcarcely  lafted 
for  a  fecond. 

14.  The  heart  of  a  chick  taken  out  of 
the  fhell,  beat  an  hour  after  its  head  and 
breaft-bone  were  clipp'd  away  with  a  pair 
of  fciffars,  and  the  auricle  retained  its  mo- 
tion fome  time  after  the  heart.     The  mo- 

D  d  d  tion 
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tion  of  the  other  parts  feemed  only  to  fur-- 
vive  the  lofs  of  the  head  for  a  few  moments. 
The  heart's  motion,  when  about  to  ceafe, 
wasfrequently  renewed  by  pricking  if  with 
a  pin.  In  another  chick,  the  heart  was  kept 
beating,  by  the  influence  of  warmth,  above 
two  hours  after  its  head  was  cut  off*. 

15.  I  laid  open  the  thorax  of  a  young  pi- 
geon, four  minutes  after  ieparating  its  head 
from  the  vertebra  of  the  neck,  and  found 
the  heart,  with  its  right  auricle,  which  was 
greatly  diftended  with  blood,  without  any 
motion.  I  let  a  few  drops  of  warm  faliva 
fall  from  my  mouth  on  the  heart ;  upon 
which  its  right  auricle  began  to  move,  and 
continued  repeating  its  alternate  contrac- 
tions with  remarkable  vigour  and  quicknefs 
for  three  minutes,  when  they  became  gra- 
dually both  weaker  and  flower.  At  eleven 
minutes  from  the  beginning  of  the  experi- 
ment, the  motions  of  the  auricle  were  ftill 
flower,  but  were  quickened  fomewhat  by 
pricking  it  with  a  pin.  After  eighteen  mi- 
nutes,   the  contractions  of  the  auricle  were 

much 

*  Boyleh  Ufefulnefs  of  Experimental  Philofophy,  part    2. 
p.  15.  &  16. 
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much  more  feeble,  and  not  repeated  til)  af- 
ter 7,  8  or  9  beats  of  my  pulfe  ;  whereas, 
at  firft,  they  fucceeded  each  other  much 
more  quickly  than  the  vibrations  of  my 
heart.  Before  the  twentieth  minute  was  ex- 
pired, the  motions  of  the  auricle  ceafed  en- . 
tirely  ;  but  were  fo  far  renewed  afterwards, 
by  filling  the  thorax  with  water  of  the  fame 
warmth  with  the  human  blood,  as  to  laflt 
about  two  minutes.  During  all  this  time, 
no  motion  was  obferved  in  the  body  of  the 
heart ;  nor  were  its  fibres  excited  into  con^ 
traction  by  pricking  them  with  a  pin,  fever* 
minutes  after  the  thorax  was  opened. 

1 6. 1  opened  the  thorax  of  another  pigeon, 
three  minutes  after  I  had  pulled  off  its  he.id, 
and  made  a  ligature  about  its  neck:  the 
right  auricle,  with  part  of  the  vena  cava  in- 
ferior adjoining  to  it,  ft  Hi  continued  to  beat, 
but  the  body  of  the  heart  was  at  reft :  fume 
time  after,  when  the  motions  of  this  auri- 
cle were  about  to  ceafe,  they  were  renewed 
with  their  former  vigour  by  drawing  afun- 
der  the  fides  of  the  divided  thorax,  and  con- 
fequently  ftretching  the  great  vefiels  lead- 
ing 
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ing  to  the  heart.  When  the  motions  of 
the  auricle  were  become  very  languid  and 
flow,  the  vena  cava  inferior  made  feveral 
conrradlions  before  the  auricle  contracted 
once;  and  it  continued  to  palpitate  for 
fome  time  afcer  the  auricle  had  ceafed  from 
motion  altogether. 

17.  Immediately  after  feparating  from 
the  vertebras  of  the  neck  the  head  of  a  pi- 
geon fomewhat  younger  than  either  of  the 
two  former,  I  laid  open  the  thorax>  and 
found  the  heart  beating  pretty  ftrongly, 
and  at  every  fjftok  throwing  out  the  blood 
with  a  confiderable  force  by  a  wound  which 
I  had  accidentally  made  in  it.  When  after 
a  few  contractions,  its  motion  had  become 
much  more  feeble  and  irregular,  it  was 
made  to  recover  its  vigour  and  propel  the 
blood  through  the  wound  as  before,  by 
drawing  the  divided  thorax  a  little  afunder. 
Sometime  after  this,  when  the  heart  was  be- 
come much  more  languid,  its  contractions 
were  renewed  with  double  force  as  often  as 
I  railed  the  point  of  it  with  my  finger. 
About  fix  or  feven  minutes  after  opening 

the 
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the  thorax,  the  motions  of  the  heart  could 
be  perceived  only  in  its  right  auricle  and 
apex,  but  were  by  far  mod  remarkable  in 
the  former.  In  three  minutes  more,  when 
no  motion  could  be  feen  in  the  body  of  the 
heart,  this  auricle  ft  ill  continued  to  vibrate, 
and  its  motions  were  very  fenfibly  quickened 
by  raifing  the  point  of  the  heart,  and  of 
confequence  ftretching  the  great  vefTels  ad- 
joining to  its  bafe.  At  this  time  a  few 
weak  palpitations  were  excited  in  the  heart 
by  dividing  it  with  a  (harp  knife. 

18.  Some  young  Gentleman  having 
hanged  a  cat  till  Ihe  was  quite  dead,  open- 
ed the  thorax,  and  obferved  only  a  tremu- 
lous motion  in  the  heart  which  foon  ceafed, 
but  was  renewed  by  pricking  it  with  a  fharp 
inftrument  ;  after  this,  by  fqueezing  the 
cardiac  nerves  downwards,  or  otherwife  ir- 
ritating them,  the  heart  was  made  to  per- 
form two  or  three  pulfations ;  which  it  con- 
tinued to  do  for  a  confiderable  time,  when- 
ever the  cardiac  nerves  were  thus  ftimulated. 

19.  Tke  heart  of  a  cat,  which  had  been 
dead   for  four   hours,    was  excited  into  al- 
ternate 
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ternate  contractions,  by  blowing  warm  air 
into  its  cavities  through  a  tube  fixed  in  the 
receptaculum  chylij*. 

20.  The  motion  of  the  heart  was  renew- 
ed, in  the  fame  manner,  by  Brunnerus,  in  a 
dog  which  had  been  a  good  while  dead  f . 

21.  Even  in  man,  the  heart  retains  a 
power  of  motion  for  fome  little  time  after 
its  feparation  from  the  body  •  as  appears 
particularly  from  the  well  known  flory  of 
Lord  Verulam  concerning  a  malefactor, 
whofe  heart,  having  been  cut  out  of  his  bo^ 
dy,  and  thrown  immediately  into  fire,  leapt 
feveral  times  upwards  to  a  confiderable 
height  %. 

22.  It  is  obfervable,  that,  after  the  con- 
vulfions  which  animals  fuffer  at  the  time  of 
death  have  ceafed,  their  mufcles  remain  at 
reft,  unlefs  they  are  ftretched,  cut,  expofed 
tQ  the  air,   or  otherwife  ftimulated. 

Frojvi 

*  IVefifer,  hiftor.  cicut.  aquat.  p.  89. 
f  Experiment-  circa  Pancreas,  p.  21. 
%  Hiftory  of  life  and  death,  fetf.  ix.  N°  $f, 
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From  the  above  experiments  it  appears, 

*  That  the  feparated  hearts  of  fome  ani- 
mals, vibrate  more  ftrongly,  and  for  a  much 
longer  time,  than  thofe  of  others.  N°  g. 
It.  13. 

£  Th4t  animals  of  the  amphibious  kind, 
which  have  either  no  lungs  or  very  imper- 
fect ones,  which  bear  the  air-pump  lono-,  and 
whofe  blood  is  cold,  as  well  as  languid  in 
its  motion,  fhew  figns  of  life,  not  only  in 
their  hearts,  but  alfo  in  their  other  mem- 
bers, for  a  much  longer  time  after  they  are 
feparated  from  their  bodies,  than  animals 
which  have  more  perfeft  lungs,  hotter  blood, 
and  a  quicker  pulfe.     N°  r.  2.  4.  14. 

Those  animals  whofe  parts  preferve  mo- 
tion and  appearances  of  life  longeft  after  be- 
ing feparated  from  their  bodies,  feem  to 
have  both  their  fluids  and  folids  a  good  deal 
different  from  thofe  of  other  animals  :  their 
blood  is  not  only  colder,  but  perhaps  more 
vifcid  and  lefs  diffipable  ;  and  their  fibres 
arefo  constituted,  that  conftant  fupplies  of 
this  fluid  from  the  heart,  are  not  neceflary 
to   keep   them  in  due  order  for  motion ; 

while 
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while  their  nerves,  after,  their  communica- 
tion with  the  brain  has  been  cut  off,  pre- 
ferve  their  powers  much  longer  than  in 
man  and  the  more  perfect  animals :  thus 
frogs,  eels,  vipers  and  tortoifes  live  and 
move  feveral  hours  after  their  heart  is  cut 
out ;  and  the  various  parts  of  their  bodies 
continue  to  move  for  a  great  while  after 
all  communication  between  them  and  the 
brain  is  cut  off. 

y  That,  ceteris  paribus,  the  heart  pre- 
ferves  its  motions  longer  in  young  animals, 
after  its  communication  with  the  brain  is 
intercepted,  than  in  older  ones.  N°  13. 
15.  16.  compared  14.  17. 

f  That,  ceteris  paribus,  the  hearts  of 
thofe  animals  which  continue  to  beat  long- 
eft,'  after  being  feparated  from  their  bodies, 
perform  their  vibrations  at  the  greateit  in- 
tervals. N°  9.  10.  compared  with  11.  12. 
The  reafon  of  this  is  eafily .  underftood ; 
fince,  as  has  been  jufl  now  obferved,  in 
thofe  animals,  whole  hearts  beat  longeft 
after  reparation  from  their  bodies,  the  blood 
is  coldeft  and  its  circulation  mofl  languid. 

That 
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That  the  motions  of  the  heart,  after 
death  or  feparation  from  the  body,  are  ge- 
nerally more  confpicuous,  and  laft  longer, 
rJian  thofe  of  the  other  mufcles.     No  14. 

C  That  the  right  auricle  continues  to 
move,  after  the  heart  appears  quite  dead, 
N°  14.— 17. 

n  That  the  vena  cava  and  Jims  venofus 
dexter  preferve  their  motions  (till  longer 
than  the  right  auricle.     N°  1 6. 

0  That  the  motions  of  the  heart  and 
other  mufcles,  when  feparated  from  the  bo^ 
dy,  are  not  only  at  all  times  increafed,  but 
even  renewed,  when  they  are  juft  at  an  end, 
by  heat,  wounds  ftretching  their  fibres,  or 
any  thing  elfe  that  can  gently  irritate  them* 
N°  2.  3.  4.  8.  9.  10.  11. — 17. 

/That,  after  the  heart  has  entirely,  and 
for  a  conilderable  time,  ceafed  to  move  in 
dead  animals,  it  may  be  excited  into  aftion 
by  ftretching  or  ftimulating  its  fibres  or 
nerves,  N0  18.  19.  20. 

x  That  as  in  living  animals  the  volunta- 
ry mufcles  are  not  coovuifed,  except  when 
ibmejmuliu  is  applied  to  them  ;  lb  in  ani- 
mals newjv  dead,  no  convylfivc  coatradtions 
E-ee  happen* 
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happen,  provided  the  fkin  be  not  fo  cut  as 
to  lay  them  bare,  and  expofe  their  fibres  to 
fomekind  of  irritation.     N°  22. 

\  Whence  it  follows,  that  the  vibrating 
contractions  of  the  mufcles  of  animals  after 
death,  or  their  reparation  from  the  body, 
cannot  be  owing  to  any  innate  power, 
whereby,  independent  of  all  external  caufes, 
they  move  themfelves  alternately,  but  muft 
be  afcribed  to  the  adtion  of 'a Jlimitlus  of  one 
kind  or  other  upon  their  fibres. 

When  the  heart  is  taken  out  of  the  bo- 
dy in  animals  newly  dead,  the  cutting  alone 
muft  be  a  very  remarkable  Jlimulus,  and 
therefore,  muft  not  only  excite  or  increafe 
its  motions,  but  alfo  make  them  continue 
for  a  confiderable  time.  When  the  thorax 
and  pericardium  are  only  laid  open,  the  vi- 
brations of  the  heart  will  be  increafed  and 
continued  by  differing  and  ftretching  thefe 
parts  with  which  it  is  nearly  connected, 
(No  16.  17.)  and  even  by  the  external  air 
a&ing  as  a  Jlimulus  upon  its  fenfible  nerves ; 
for  the  particles  of  this  fluid  are  never  at 
reft,  but  agitated  with  inceffant  vibrations. 
This  undulatory  motion  of  the  air  is  fo  re- 
markable, 
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markable,  as  to  be  obferved  by  the  afllft- 
ance  of  good  telefcopes,  and  is  clearly  e- 
nough  ieen  in  the  conftant  whirl  of  dulty 
atoms,  and  other  light  fubftances,  percei- 
ved in  the  ftilleft  room,  where-ever  the  fun 
beams  play. 

.  The  motions  of  the  heart,  therefore,  in 
animals  newly  dead,  or  after  it  is  feparated 
from  the  body,  are  owing  to  the  Jlimidus  of 
the  blood  remaining  in  its  cavities,  to  the 
contadt  of  the  external  air,  or  to  the  irrita- 
tion which  is  communicated  to  it,  by  ftretch- 
ing  or  cutting  its  own  fibres,  or  thofe  of  fuch 
parts  as  happen  to  be  immediately  connec- 
ted with  it. 

In  a  fyncope,  and  in  animals  newly  dead, 
the  inteftines  continue  their  periftaltic  mo- 
tion after  the  heart  has  ceafed  to  vibrate, 
which  cannot  be  afcribed  to  their  being 
more  fitted  for  motion,  fince  the  heart, 
when  feparated  from  the  body  or  otherwife 
irritated,  moves  more  remarkably  than  they; 
but  is  owing  to  their  being  adted  upon  by 
their  ufaaljlimuli,  even  after  the  heart  is  de- 
prived of  that  regular  and  alternate  fupply 
of  venous  blood  which    was  wont  to  keep 

up 
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up  its  motion  :  as  therefore  the  bile,  air, 
and  aliment,  remain  in  the  inteftines  equal- 
ly after  death  as  before  it,  they  will  conti- 
nue to  excite  the  fibres  of  the  various  por- 
tions of  this  canal  into  alternate  contrac- 
tions, till  at  length  they  become  quite  infen- 
fible  and  rigid  with  cold, 

Mr  Eofe  tells  us  that  the  heart  of  an  eel 
being,  placed  in  a  fmall  receiver,  became  ve- 
ry turgid  when  he  exhaufled  the  air,  and 
beat  as  manifeflly,  and  more  fvviftly  than 
it  had  done  before  #;  the  reafon  of  which 
fkamomenm  is  abundantly  evident  from  what 
has  been  faid;  fince  the  ftretching  of  the 
fibres  of  the  heart  thus  fwelled,  muft  have 
had  the  fame  effect  in  quickening  its  vibra- 
tions, as  any  other  Jiimul'us. 

Dr  Harvey  obferved,  that  in  time  of  in- 
cubation, the  chick's  heart,  whofe  motion 
languifhed,  and  at  length  ceafed  in  the  cold 
air,  quickly  recovered  its  vigour  by  hear, 
and  contracted  with  greater  force  and  fre-? 
quency  as  often  as  it  was  touched  with  the 
point   of  a  needle  or   any  thing  die    that 

could 

*  Philofoph.  Tranfotf.  abridged,  vol.  2.  p.  zil? 
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could  irritate  it*;  from  which  it  follows 
that  the  fame  caufes  excite  the  motion  of 
the  heart  in  living  animals  and  in  thofe 
newly  dead,  in  the  body  and  out  of  it. 

The  conclufion  to  be  drawn  from  what 
has  been  faid  is,  that  there  remains  in  the 
mufcles  of  animals  and  their  nerves,  for 
fome  time  after  death  or  their  feparation 
from  the  body,  the  immediate  caufe  of  mo- 
tion, which  may  be  excited  into  action, 
as  in  living  animals,  by  any  ftimuhs  or 
irritation.  How  or  by  what  means  this 
happens,  Ihall  be  the  fubjecl  of  our  next  in- 


Some  have  afcribed  the  motion  of  the 
heart  out  of  the  body,  and  confequently  of 
other  mufcles  feparated  from  it,  to  the  fpi- 
rits  remaining  in  their  nerves,  which,  by 
tj)e  capillary  attraction  of  thefe  tubes,  or 
the  cold  contracting  them,  continue  for 
fome  time  to  be  derived  into  the  mufcular 
fibres.  But  from  fuch  an  equable  deriva- 
tion of  the  fpirits,  it  will  be  difficult  to  ac- 
count for  the  regular  alternate  contractions 
2nd  relaxations  of  thefe  mufcles,  or  for  their 

being 

t  Qe  gejierat.  animal,  exercitat.  sviu 
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being  excited  and  renewed  by  Jiimuli  of  very 
different  kinds. 

Others  have  been  inclined  to  deduce 
the  vibrations  of  the  heart,  when  out  of 
the  body,  from  the  elaitic  power  of  its 
fibres  *,  or  of  the  {pints  lodged  in  them  f  ; 
which  are  excited  into  ofcillations  by  any 
impulfe  or  irritation,  and  which,  obferving 
the  fame  laws  with  other  elaftic  bodies, 
muft  perfift  in  thefe  tremulous  motions  for 
a  confiderable  time. 

But  if  the  motions  of  the  heart,  or  other 
feparated  nmfcles  of  animals,  were  owing  to 
any  fuch  caufe,  how  could  their  vibrations 
be  excited  by  bringing  a  red  hot  iron  near 
them,  after  the  impulfe  and  tearing  of  a  pin 
or  the  point  of  a  knife  had  ceafed  to  have 
any  efFeft  ?  (N°  13.)  Will  warm  water 
heighten  and  increafe  the  elaftic  powers  of 
any  body  I  Does  it  not  rather  weaken  and 
relax  animal  fibres  ?  And  how  can  acrid 
liquors,    which   communicate  no   impulfe 

at 

*  Hoffman,  fyftem.  med.  torn.  I.  lib.  I.  feft.  I.  cap.  3. 
;.n°  xviii. 

f  Lancifi  dc  cordc,  prop.  5S.  Lieut aud  element.  Phyfiolog. 
p.  -1,  72.     Senac  traite  du  coeyr,  vol.  i.  p.  434.  &  453. 
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at  all,   excite  vibrations  in  an  elaftic  ma- 
chine ? 

Further,  as  the  times  of  the  vibra- 
tions of  a  pendulum  in  a  cycloid  would  be 
exadtly  equal,  however  unequal  the  arches 
which  the  body  defcribes  may,  be  were  it 
not  for  the  fmall  inequality  that  the  refin- 
ance of  their  air  neceflarily  occafions ;  fo 
the  vibrations  of  a  pendulum  in  a  fmall  arch 
of  a  circle,  which  coincides  with  the  cycloid, 
and  the  ofcillations  of  elaftic  bodies,  would 
follow  one  another  at  equal  intervals  of 
time,  were  it  not  for  the  air,  which,  as  it 
refifts  a  great  vibration  of  a  pendulum  or  e- 
laftic  body  more  than  a  fmall  one,  muft 
confequently  retard  it  more  ;  whence,  ftrid:- 
ly  fpeaking,  the  firft  and  greater  vibrations 
of  fuch  bodies  muft  follow  each  other  more 
flowly  than  the  laft  and  fmaller  ones. 
But  as  this  difference  is  too  inconfiderable, 
efpecially  in  fmall  vibrations,  to  be  percei- 
ved by  us  ;  fo,  in  a  phyfical  fenfe,  we  may 
be  allowed  to  fay,  that  the  vibrations  ex- 
cited in  elaftic  bodies  by  any  external 
caufe,  though  they  be  always  decreafing 
in  greatnefs   and   force,   are  yet  performed 


from 
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from  fir  ft  to  laft  at  equal  intervals  of  time- 
Let  us  now  fee  how  far  the  feparated  hearts 
of  animals  obferve  the  fame  law,  in  their 
motions. 

23.  The  hearts  if  frogs,  when  their  tho- 
rax is  firft  laid  open,  generally  beat  about 
fixty  times  in  a  rninuie  ;  but  after  they  are 
feparated  from  the  body,  and  have  been  in 
motion  for  fome  time,  their  vibrations  begin 
to  grow  fenfibly  flower,  fo  as  only  to  be  re- 
newed after  an  interval  of  2  or  3  feconds  ; 
and,  a  little  before  their  motion  ceafes  alto- 
gether, I  have  counted  7,  10,  14,  15,  16, 
or  more  beats  of  my  pulfe  *  between  their 
pulfations,  each  fucceeding  pulfation  follow- 
ing the  former  not  till  after  a  longer  paufe* 
which  at  laft  ended  in  a  final  flop.  In  the 
feparated  hearc  of  a  frog  (into  whofe  fto- 
mach  I  had  forced,  about  an  hour  and  a 
half  before  opening  it,  a  fmall  quantity  of 
opium  diflblved  in  water)  I  obferved  the  in- 
tervals between  the  fix  laft  pulfations  to  in- 
creafe  nearly  in  the  following  proportion, 
11,13,   *6>    I9>   23>    3°  ;   which  numbers 

denote 

*  The  motion  of  my  pulfe  was   at  the  rate  of  75  in  a   taU 
mite. 
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denote  how  many  beats  of  my  pulfe  interve- 
ned betwixt  each  of  thefe  vibrations.  From 
which  it  appears,  that,  before  the  laft  pulfa- 
tion  of  this  frog's  heart,  there  was  a  paufe 
of  24  feconds. 

What  is  here  faid  of  the  motions  of  the 
feparated  hearts  of  frogs  becoming  remark- 
ably flower  as  they  grow  weaker,  is  alfo  true 
of  the  hearts  of  eels ;  and  holds  not  only  in 
the  pulfations  of  the  right  auricle  of  a  pi- 
geon's heart,  which  remained  in  the  body 
after  death,  (N?  15.),  but  in  the  contrac- 
tions alfo  of  the  mufcles  of  its  thorax  after 
difledion,  N°  4. 

Since,  then,  the  motions  of  the  hearts 
of  animals  after  death,  or  after  they  are  fe- 
parated from  their  bodies,  decreafe  gradu- 
ally in  quicknefs,  as  well  as  in  ftrength,  and 
become,  at  laft,  fo  flow,  that,  before  they 
ceafe  altogether,  the  heart  repofes  itfelf, 
as  it  were,  for  a  conflderable  time,  and, 
after  appearing  to  have  been  quite  dead, 
performs  yet  another  contraction  {low- 
ly, and  with  much  feeming  difficulty ; 
it  evidently  follows,  that  they  are  re- 
gulated according  to  laws  wholly  differ- 
F  f f  ent 
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cnt  from  thofe  of  elaftic  bodies  ;  and  that 
every  attempt  to  account  for  thefe  motions, 
from  elaftic  powers  of  whatever  kind,  iup- 
pofed  to  refide  in  the  heart,  mud  be  vain 
and  fruitlefs ;  and  can  only  ferve  to  ftiew, 
that  the  authors  or  fupporters  of  fuch  opi- 
nion were  either  ignorant  of  the  nature  of 
elaftic  vibrations,  or  unacquainted  with  the 
•phenomena  recited  above,  (N°  23.) 

We  may  alfo  fee,  from  what  has  been 
faid,  with  how  little  reafon  the  motion  of 
the  heart,  after  its  feparation  from  the  body, 
has  been  afcribed  to  the  alternate  action  of 
its  diftending  fluids  and  contracting  folids; 
and  compared  to  the  follislufor ius,  which  be- 
ing let  fall  from  a  height,  does  not  lie  Hill 
upon  the  ground,  but  is  immediately  thrown 
off  from  it,  and  continues  to  rife  and  fall 
alternately  for  fome  time  *. 

It  appears,  from  the  experiments  already 
recited,  compared  with  N°  8.  9.  10.  and 
11.  of  Sedl.  L  and  with  what  has  been  ad- 
vanced SedtX.  p.  269. — 271.  and  284. — 
287.  that  the  motions  of  the  heart  and  o- 
ther  mufcles  after  death>  and  when  fepara- 

ted 

*  Santorini  de  ftruitura  et  motu  fibr#,  fe&.  73. 
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ted  from  the  body,  are  owing  to  zjlirmilus ; 
that  where  no  flimulus  is  applied,  they  either 
happen  not  at  all,  or  foon  ceafe ;  that,  when 
failing,  they  are  excited  a-new  by  any 
irritation;  and  that,  in  the  laws  they  ob- 
serve, and  the  fhanomena  they  exhibit,  they 
agree  exa&ly  with  the  motions  which  Jli~ 
mult  excite  in  the  mufcles  of  living  ani- 
mals. But  we  have  fully  fhewn,  in  Sect.  X. 
that  the  contra&ions  of  the  mufcles  of  li- 
ving animals,  arifing  from  any  thing  that 
tears,  ftretches,  or  otherwife  irritates  their 
fibres,  are  not  owing  merely  to  the  peculiar 
ftrudlure  and  arrangement  of  their  parts  as 
mechanical  organs,  -or  even  to  the  fole  effi- 
cacy of  any  material  powers ;  but  to  their 
being  endued  with  feeling,  and  animated  by 
a  fentient  principle.  Whence  it  follows, 
that  the  motions  of  the  heart  and  other 
mufcles,  after  death,  or  their  feparation 
from  the  body,  mult  proceed  from  their 
fenfibility.  As  long  as  this  fentient  power 
remains,  or  is  but  little  impaired,  they  are 
impatient  of  any  irritation,  and  are,  there- 
fore, alternately  eontra&ed  and  relaxed  ; 
but  when  it   becomes  confiderably  weaker, 

ftmngcr 
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ftronger  Jlimuli  are  required  to  roufe  them 
into  a&ion,  and  even  then  their  motion  is 
more  languid. 

Dr  Harvey,  whofe  mind  was  neither 
blinded  by  prejudice,  nor  prepoffefTed  with 
any  favourite  theory,  but  who  formed  his 
judgment  of  things,  not  as  imagination 
might  fuggeft,  but  from  repeated  experi- 
ments and  obfervation,  afcribes,  without 
the  leaft  doubt,  the  various  and  irregular 
motions  of  the  chick's  heart,  when  irritated 
by  different  ftimuti,  to  its  being  endued  with 
fenfe  #  ;  and  therefore  compares  it  to  an 
animal  which  lives,  moves,  and  feels. 

The  motions  of  the  heart  from  Jlimu- 
li greatly  refemble  the  alternate  contrac- 
tions of  the  panniculus  carnofus  of  brutes, 
when  their  fkin  is  tickled  or  flung  by  in- 
fects :  and  as  this  mufcle  cannot  properly  be 
confidered  as  a  mere  mechanical  organ,  but 
as  fomething  animated,  which  endeavours 
to  throw  off  whatever  affe&s  the  furface  of 
the  body  with  any  difagreeable  fenfation ; 
fo  the  motions  of  the  feparated  hearts  of 
animals,  are  not  to  be  afcribed  to  any  pro- 
perty 

*  De  genera t.  animal.  ex*ercitat.  17. 
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perty  they  can  be  poflefled  of  as  mere  ma- 
terial organs,  but  to  their  being  ftill  endu- 
ed with  fome  kind  of  life  and  fenfe,  which 
makes  them  fhew  an  impatience  of  whatever 
hurts  them,  and  endeavour,  by  their  alter- 
nate contractions,  to  throw  it  off. 

24.  At  eleven  o'clock  in  the  forenoon, 
I  injefted  a  folution  of  opium  in  water  into 
the  ftomach  and  guts  of  a  frog,  both  by 
the  mouth  and  anus.  In  lefs  than  a  quar- 
ter of  an  hour,  it  had  loft  a  good  deal  of 
its  vivacity  and  power  of  motion,  and,  when 
touched  or  pricked,  it  dragged  its  limbs  as 
though  their  mufcles  had  been  in  fome  de- 
gree paralytic.  In  little  more  than  half  an 
hour,  it  feemed  to  have  loft  all  power  of 
motion.  At  two  in  the  afternoon,  when  I 
opened  it,  I  found  the  auricle  of  the  heart, 
with  the  large  veflels  attached  to  it,  great- 
ly diftended  with  blood  ;  but  there  was  not 
the  leaft  motion  either  in  the  heart  or  its 
auricle :  nay,  fo  very  infenfible  were  thefe 
parts  become  of  any  Jlimulus  or  irritation, 
that  neither  tepid  water,  nor  pricking  or 
tearing  their  fibres,  had  any  influence  in  ex- 
citing 
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citing  them  into  motion.  Hot  water,  in- 
deed, being  poured  into  the  thorax  and  abdo- 
men,  made  the  heart  and  inteftines  fudden- 
ly  fhrink  and  contradb,  in  the  fame  manner 
as  the  flefh  of  any  dead  animal  does  when 
immerfed  in  boiling  water;  but  produced 
no  alternate  contra&ions  like  thofe  which 
follow  the  adtion  of  Jlimuli  upon  the  muf- 
cles  of  living  animals,  or  of  fuch  as  are 
newly  dead,.  Afterwards,  I  cut  off  this 
frog's  head,  and  with  the  point  of  a  probe 
prefled  and  broke  down  the  fpinal  marrow 
into  a  pulp  ;  but  did  not  obferve  the  leaft 
motion  or  conyulfion  in  any  part  of  the 
body. 

25.  At  half  an  hour  paft  one  in  the  af- 
ternoon, I  inje&ed  a  folution  of  opium,  as 
above,  into  another  frog,  and  opened  it  an 
hour  after.  The  auricle  and  great  veflels 
leading  to  the  heart  were  more  thanufual- 
ly  filled  with  blood,  but  not  fo  much  as  in 
the  laft  experiment.  The  heart  flill  con- 
tinued its  motions,  but  much  more  flowly 
than  in  a  found  ftate:  its  pulfations  follow- 
ed each  other  after  an  interval  of  about  3^ 
fcconds:  the  diftended  auricle  always  con- 
traded 
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t-radted  firft,  and,  after  it,  the  ventricle. 
No  convulfions  happened  in  any  part  of  the 
body  from  irritating  the  fpinal  marrow,  nor 
were  any  of  the  mufcles  of  the  limbs  or  trunk 
brought  into  contraction  by  pricking  or 
tearing  their  fibres. 

26.  I  forced  down  into  the  ftomach  of 
another  frog  a  fmaller  quantity  of  a  folu- 
tion  of  opium;  and,  upon  opening  lis  thorax 
an  hour  and  three  quarters  after,  I  found  its 
heart  beating  regularly,  but  as  flowly  as  in 
thelaft  experiment:  when  I  cut  it  out  of 
the  body,  and  laid  it  on  a  plate,  it  renew- 
ed its  pulfations  fafter,  viz.  once  in  two  fe- 
conds ;  but,  after  five  or  fix  minutes,  they 
became  as  flow  as  at  firft. 

*  Since,  from  thefe  experiments,  it  ap- 
pears, that  opium,  internally  applied,  foon 
renders  the  motion  of  the  heart  in  frogs 
three  or  four  times  flower  than  it  naturally 
is,  and,  at  length,  puts  an  end  to  it  entirely, 
fo  that  the  caufes  which  ufe  to  renew  it, 
prove  quite  ineffectual  for  that  purpofe; 
and  fince  opium  received  into  the  ftomachs 
of  animals;  is  well   known  to  deftroy  the 

fenfe 
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fenfe  of  feeling,  either  in  the  whole,  or  in 
part,  as  its  dofe  is  greater  or  lefs ;  is  it  not 
highly  probable,  that  opium  (lops  or  retards 
the  motions  of  the  heart,  only  as  it  renders 
it  wholly,  or  in  a  great  degree,  infenfible  of 
the  Jlimulus  of  the  returning  venous  blood ; 
and  that  the  contractions  of  the  heart, 
both  in  the  body  and  after  it  is  feparated 
from  it,  are  owing  to  the  fentient  power 
of  its  nerves  and  fibres,  by  which  it  is  made 
capable  of  being  properly  affedted  by  va- 
rious Jlimuli? 

$  As  the  heart  continued  to  beat  after 
the  mufcles  of  the  trunk  and  limbs  were  no 
longer  affedted  by  any  irritation  ;  it  follows, 
either  that  its  nerves  and  fibres  are  endued 
with  a  higher  degree  of  fenfibility  than 
thofe  of  the  other  mufcles,  or,  at  leaft,  that 
their  fenfibility  is  not  fo  foon  deftroyed 
by  the  laudanum. 

y  Dr  Kaau  has  obferved,  that  the  con- 
vulfive  motions  which  were  excited  by  irri- 
tating or  breaking  down  the  brain  of  a  dog 
to  whom  he  had  given  fix  grains  of  opium  > 
were  an  hundred  times  lefs  remarkable  than 
thofe  he  had  been  in  ufe  to  obferve  in  other 

dogs 
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dogs  who  had  got  nothing  to  lull  their  fen- 
fes  *  ;  and  experiment  25.  above,  fhews, 
that  no  convulfive  contractions  are  produ- 
ced, either  by  irritating  the  mufcles  theni- 
felves,  or  the  fpinal  marrow  of  a  frog,  an 
hour  after  a  folution  of  opium  is  injected 
into  its  ftomach  and  inteftines :  from 
which  this  inference  is  obvious,  viz.  that 
convulfions  excited  in  dying  animals,  or 
fuch  as  are  newly  dead,  by  differing  the 
fpinal  marrow,  prefling  it  with  a  probe,  or 
breaking  down  the  brain,  are  folely  owing 
to  the  fenfibility  of  thefe  parts  to  any  irri- 
tation, and  not  to  the  fpirits  being  mecha- 
nically propelled  through  the  nerves  into 
the  mufcles,  either  by  the  cut  veffbls  of  the 
medulla  or  brain  retracting  themfelves  f  ; 
or  by  the  prefling  power  of  the  probe  or 
differing  inftrument  applied  to  them. 

It  has,  for  many  years,  been  the  prevail- 
ing opinion,    that  opium  produces  its  fitfi 
and  mod  remarkable  effects  on  the  body, 
not  by  mixing  with  the  blood,  but  merely 
G  g  g  by 

*  Impet.  faciens.     N°  43$. 
f  Kaau  impet.  fkciens,  N®  323. 
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by  its  immediate  adtion  on  the  nervous  pa- 
pilla  of  the  ftomach,  whence  the  brain 
and  whole  nervous  fyftem  are  affe&ed  in  a 
very  furprifmg  manner.  In  fupport  of  this 
opinion,  many  arguments  have  been  ad- 
vanced, fome  of  greater,  others  of  lefler 
weight :  but  the  following  experiments 
compared  together,  put  the  truth  of  it  be- 
yond doubt. 

27.  A  frog  continued  moving  its  limbs, 
turning  from  its  back  to  its  belly,  and  leap- 
ing about  for  above  an  hour  after  I  had  cut 
out  its  heart ;  and  was  not  quite  dead  after 
two  hours  and  a  half. 

28.  Five  minutes  after  taking  out  the 
heart  of  another  frog,  I  injected  a  folution 
of  opium  into  its  ftomach  and  guts.  In  lefs 
than  half  an  hour  it  feemed  to  be  quite 
dead,  and  neither  pricking,  tearing,  nor 
cutting  its  mufcles  caufed  any  contraction 
in  them,  or  any  motion  in  the  parts  to 
which  they  belonged.  A  probe  pufhed 
into  the  fpinal  marrow,  after  cutting  off 
its  head,  made  its  fore  legs  contrail  feebly. 

Since 
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Since,  in  this  frog  which  was  deprived 
of  its  heart,  the  parts  of  the  opium  could 
not  poffibly  be  mixed  with  the  mafs  of 
blood,  or  be  conveyed  along  with  it  to  the 
brain,  their  effects  muft  neceflarily  be  dedu- 
ced from  their  direcft  adtion  upon  the  nerves 
and  fibres  of  the  organ  to  which  they  were 
immediately  applied*-  But  to  return  from 
this  digreflion. 

Since  the  lenfibility  of  our  fibres  is  ow- 
ing to  their  being  animated  by  a  living 
principle  different  from  matter,  and  of  pow- 
ers fuperior  to  it  (Seift.  x.),  it  may  be  ob- 
jected, that  if  we  afcribe  the  motions  of  the 
mufcles  after  death,  or  their  feparation  from 
the  body,  to  their  being  endued  with  fenfe, 
we  muft  not  only  fuppofe  the  foul  to  con- 
tinue prefent  with  the  body  after  death,  but 
alfo  to  be  extended  and  divifible. 

But,  though  thefe  objections,  as  they  are 
founded  in  our  ignorance  of  the  nature  of 
the  foul,  and  its  union  with  the  body,  and 
of  the  manner  of  their  mutual  adtion  upon 
each  other,  ought  to  have  little  or  no  re- 
gard 

*  For  a  further  account  of  the  action  of  opium  fee  Edinburgh 
•  f  byfical  Efiays,  vol.ii.  art.  20,  and  Phyfiolog.  EiTay.s,  Edit.  2.  $* 
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gard  paid  them  in  a  Phyfical  inquiry  ;  yet, 
to  clear  our  fubje&,  as  much  as  poffible, 
of  all  difficulties,  we  fhall  confider  them 
particularly. 

a  I  think  it  is  not  only  probable,  but  e- 
ven  demonftrable,   that   the  foul  does  not 
immediately  leave    the   body  upon  a  total 
ftoppage  of  the  heart's  motion,  and,  confe- 
quently,    of  the  circulation  of  the  blood, 
i.  e.   upon  what  we  ufually  call  death  *, 
but  continues  for  fome  time  at  leaft  prefent 
with  it,   and  ready  to  adtuate  it.     Thus,  a 
variety  of  infe&s,  bats,  hedge-hogs,  and  fe- 
veral  other  animals,    which  continue  in  a 
death-like  ftate  in  the  cold  winter-feafon, 
are  reftored  to  life  by  the  kindly  warmth 
of  the  returning  fpring,  which,  as  it  ftimu- 
lates  the  folids  into  contraction,  as  well  as 
rarifies  and  agitates  the  fluids,  gives  the  la- 
tent foul  an  opportunity  of  fhewing  itfelf  by 
its  effects :  yet,  in  thefe  animals,  during  the 
cold  weather,  there  is  no  circulation  of  the 
blood  ;  they   are  quite  deftitute  of  feeling, 
may  be  torn  and  cut  in  pieces,  without  fhew- 


m  g 


*  By  death  is  here  meant  the  general  death  of  the  body  as  q 
fyftem,  and  not  the  particular  death  of  the  feveral  parts, 
which  does  not  happen  for  fome  time  after. 
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ing  that  they  have  any  fenfe  of  pain,  and 
cannot  be  diftinguifhed  from  fuch  animals  as 
are  really  dead,  except  in  this  Angle  circum- 
ftahce,  that,  by  the  affiftance  of  warmth, 
they  may  at  any  time  be  brought  to  life. 

In  the  Northern  countries,  magpies  and 
other  fmaller  birds,   after  being  frozen  by 
the  excefUve  cold,  have  been  foon  brought 
to  life  again  by  warmth  *  ;    nay,  feveral  of 
the  human  kind  have  been  recovered  by  a- 
gitating   their   bodies,    blowing    into  their 
lungs,  or  expofing  them  to  heat,    after  ha- 
ving been  for  hours,  nay,  fometimes  days,  to 
all  appearance,  dead,  without  pulfe,  breath- 
ing, or  any  degree  of  natural  heat.     Had 
not  the  foul  been  prefent  with  fuch   bodies, 
and  ready  to  actuate  them,   is  it  to  be  ima- 
gined,   that  blowing   air  into   the   anus  or 
lungs,  that  heat,  fridion,  or  any  other  Jli- 
muli,    could,    as  it    were,    by  fome   magic 
charm,  have  called  it  back  from  diflant 
regions?  Upon  the  whole,  it  feems  certain, 
that,  after  death,  or  an  entire  flop  of  all 
motion  in  the  bodies  of  animals,  the  foul  (till 
remains  prefent  with  them,   and  can  be  a- 

f  Flora  Siberica,  praefat.  p.  73. 
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gain  brought  to  exert  its  influence,  by  vari- 
ous kinds  of  fiimuli  applied  to  their  differ- 
ent parts.  May  not  then  the  fame  princi- 
ple continue  prefent  with  the  feveral  muf- 
cles  after  they  are  feparated  from  the  body, 
and  be  the  caufe  of  their  motions  when  ir- 
ritated ?  And  is  it  not  reafonable  to  think, 
that  the  renewal  of  life  in  a  frozen  magpye, 
and  of  motion  in  the  frozen  heart  of  a  fal- 
mon  *,  by  expofing  them  to  the  heat  of  a  fire, 
was  owing  to  the  fame  caufe,  viz,  to  the  li- 
ving or  fentient  principle,  which  being  pre- 
fent with  the  body  of  the  niagpye,  and  the 
feparated  heart  of  the  falmon,  was  excited 
by  the  filmulus  of  heat  to  put  them  in  mo- 
tion I  But  herd  it  will  be  faid,  that,  not 
only  contrary  to  the  opinion  of  many  Phi- 
lofophers,  we  fuppofe  the  foul  to  be  extend- 
ed, but  alfo,  in  opposition  to  them  dl\,feem 
to  make  it  divifibje  ;  which  is  the  fecond 
objection  mentioned  above,  and  to  which  I 
now  proceed  to  give  an  anfwer, 

£  As  the  fchoolmen  fuppofed  the  Dei- 
ty to  exift  in  every  upit  but  not  in  any 
place,  which,  as  a  learned  and  acute  writer 

has 

*  P<)cr  Panerg,  anatom.  j.  p.  200, 
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has  well  obferved,  is  to  fay,  in  Latin,  that 
he  exifts  every  where,  but  in  Eng/i/Jp  no  inhere ; 
{0  they  imagined  the  foul  of  man  not  to  oc- 
cupy fpace,  but  to  exifl  in  an  indivifible 
point.  Yet,  whoever  confiders  the  ftrudture 
and  phenomena  of  the  animal  frame,  will 
foon  be  convinced  that  the  foul  is  not  con- 
fined to  an  indivifible  point,  but  fnuft  be 
prefent  at  one  and  the  fame  time,  if  not  in 
all  the  parts  of  the  body  where  the  nerves 
are  found,  yet,  at  kajl%  at  their  origin ;  u  e. 
it  muft  be,  at  leaft,  diffufed  along  a  great 
part  of  the  brain  and  fpinal  marrow.  Nay, 
while,  in  man,  the  brain  is  the  principle  feat 
of  the  foul,  where  it  mofl  eminently  dis- 
plays its  powers;  it  feems  to  exifl  or  acT:  fo 
equally  through  the  whole  bodies  of  infects, 
and  other  animals  of  the  lowed  clafs  that 
its  power  or  influence  fcarce  appears  more 
remarkable  in  one  part  than  another :  and 
hence  it  is,  that,  in  fuch  creatures,  the 
feveral  parts  of  the  body  live  much  longer 
after  being  feparated  from  each  other,  than 
they  do  in  man  and  the  other  animals  more 
nearly  refembling  him,  where  the  foul  feems 
chiefly  to  aft  on  the  different  parts  by  means 

of 
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of  their  connect ion  with  the  brain  and  fpi-* 
nal  marrow  ;  or,  at  leaft,  where  the  cutting 
offfuch  connexion,  foon  renders  the  parts 
unfit  to  be  any  more  afted  upon  by  it. 

It  was  not,  therefore,  altogether  without 
reafon,  that  fome  of  the  greateft  Philofo- 
phers  of  the  lafl  and  prefent  age,  fuppofed 
the  foul  to  be  extended  *.■ 

But  if  the  foul,  without  extenfion,  be 
prefent  at  one  and  the  fame  time  in  differ-* 
ent  places  of  the  brain  ;  and  if,  iit  many  a- 
nimals,  it  can  adt  along  the  fpinal  marrow 
for  a  great  while  after  the  head  is  cut  off, 
why  may  not  it  alfo  actuate  parts  feparated 
from  the  body,  without  being  extended  ? 
On  the  other  hand,  if  we  allow  the  foul  to 
occupy  fpace,  I  do  not  fee  why  it  may  not 

continue 

*  Cajfendi,  Dr  Henry- More,  Sir  JJaac  Newton,  DrSavu 
Clarke^ 

Cajfendi  argued  for  the  fours  being  extended  in  the  follow- 
ing manner.  If  it  be  faid,  that  the  foul  refides  in  a  point  of 
of  the  brain,  this  is  either  phyfical  or  mathematical ;  if  phyfl- 
cal,  the  difficulty  ftiil  remains,  becaufe  this  is  extended,  and 
confifts  of  parts,  and  confequently  the  foul  mutt  be  extended 
which  occupies  it  :  if  mathematical,  which  has  no  dimenfions, 
liow  can  the  nerves,  which  are  not  mathematical  lines,  all  ter- 
minate in  that  which  hath  neither  length,  breadth,  nor  thick- 
nets.    Cajpdtd,  objetf*  centra  med'ttat,  Defcartes,  p.  32.  33. 
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continue  to  be  prefent  with  the  parts  of 
its  body  after  they  are  feparated,  as  well  as 
when  they  were  united.  And  with  refpect 
to  the  divifibility  of  the  foul,  which  is  ge- 
nerally thought  to  follow  from  the  fuppo- 
fition  of  its  being  extended  ;  why  may  it  not 
be  a  fubftance  fo  perfectly  and  effentially 
one,  as  that  a  divifion  or  reparation  of  its 
parts  would  neceffarily  infer  a  deftruiiion  of 
its  effence  ?  Further,  if  the  foul  can  be  pre- 
fent in  all  or  in  any  considerable  part  of  the 
body  at  one  and  the  fame  time  without  be- 
ing difcerpible,  its  fphere  of  exiftence  being 
fo  much  increafed,  as  to  aft  upon  the  parts 
when  feparated,  will  not  infer  its  divifibility. 
As  the  Deity  is  every  where  prefent,  and, 
in  the  infinitely  diitant  parts  of  fpace,  actu- 
ates at  the  fame  time  a  vail  variety  of  differ- 
ent fyftems,  without  any  inconfiftency  with 
his  Unity  or  indivisibi  lity;  fo,  may 
not  the  fouls  of  animals  be  prefent  every 
where  in  their  bodies,  actuating  and  enliven- 
ing, at  the  fame  time,  all  their  different  mem- 
bers? Nay,  further,  when  the  fibres  and 
threads  connecting  fome  of  thefe  parts  are 
Hhh  divided, 
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divided,  may  not  the  foul  ftill  ad  in  the  fe- 
parated  parts,  and  yet  be  only  one  mind? 

It  mud  be  owned,  there  is  a  great  deal 
of  difficulty  and  obfcurity  in  thefe  matters* 
But  what  hypothefis  can  we  embrace  that 
will  clear  us  of  them,  or  to  what  part  of 
nature  can  we  turn  our  inquiries  where  we 
fhall  not  find  fcmething  to  puzzle  usr  fome 
myftery  at  laf-t  which  we  cannot  unfold? 
Nor  is  this  to  be  wondered  at ;  fmce,  in  the 
prefent  (late,  our  knowledge  is  very  much 
limited,  and  we  have  only  accefs,  as  it  were, 
to  the  furface  of  things  !  But  becaufe  wc 
cannot  explain  fully,  are  we  therefore  in  no- 
ways to  attempt  explaining  the  operations 
of  nature  I  Becaufe,  in  accounting  for  the 
fpontaneous  motions  of  animals,  and  fhew- 
ing  their  dependence  on  the  foul,,  there  oc- 
cur fome  difficulties  with  refpedt  to  the  na- 
ture of  an  immaterial  fubftance,  its  manner 
of  exifting,.  and  way  of  ailing  upon,  or  be- 
ing prefent  with  the  body  ;  are  we  therefore 
to  deny  the  reality,  influence  and  action  of 
this  principle,  which,  from  a  variety  of  ar- 
guments, appear  undeniable  ?  At  this  rate, 
we  ought  to  give  up  all  inquiry  into  the 


works 
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works  of  nature,  and,  with  our  arms  acrofs, 
fit  down  contented  in  ignorance  ! 

But,  not  to  perplex  ourfelves  any  long- 
er with  metaphyfical  difficulties,  we  mall  re- 
cite a  few  experiments  and  obfervations, 
from  which  we  are  led,  by  the  mod  obvious 
analogy,  to  conclude,  that  the  motions  of 
the  feparated  parts  of  animals  are  owing  to 
the  foul  or  fentient  principle  flill  continuing 
to  act  in  them. 

29.  A  frog  lives,  and  moves  its  members, 
for  half  an  hour  after  its  head  is  cut  off*; 
nay,  when  the  body  of  a  frog  is  divided  in 
two,  both  the  anterior  and  pofterior  extre- 
mities preferve  life  and  a  power  of  motion 
for  a  considerable  time. 

30  A  young  cock,  whofe  head  Dr  Kaa% 
Suddenly  cut  off  with  a  fharp  razor,  as  he 
was  running  with  great  eagernefs  to  his  food, 
went  on  in  a  ftreight  line  23  Rhinland  feet, 
and  would  have  gone  farther  had  he  not 
met  with  an  obftacle  which  ftopt  him  f. 

The 

*  Kaau  impet.  faciens,  N®  331. 
i  Ibid. 
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The  ftory,  therefore,  mentioned  by  Lord 
Verulam,  of  an  oftrich  running  along  the 
ftage  after  its  head  was  (truck  off  with  a  fork- 
ed arrow  by  one  of  the  Roman  Emperors, 
is  no  ways  improbable  *.. 

31.  A  viper,  after  being  deprived  of  its 
head  and  intrails,  moved  towards  a  heap 
of  ftones  in  a  garden  where  it  ufed  to  hide 
ufelf-fV 

32.  The  bodies  of  vipers  not  only  move 
two  or  three  days  after  they  have  been  de- 
prived of  their  fkin,  head,  heart  and  other 
bowels,  but  are  alfo  manifeftly  fenfible  of 
punctures,  by  means  of  which  they  may  be 
made  to  move  with  greater  vivacity.  J 

33.  The  female  butterflies  into  which 
filk  worms  have  been  metamorphofed,  not 
only  admit  the  male,  after  lofing  their 
heads,  but  alfo  lay  eggs||. 

34- 

*  Sylve  Syl  varum,  on  the  word  life. 

f  Kaau Impet,  faciens,  No  331. 

%  Boyle's  Ufefulnefs  or  Experim.  Philof.  part  2.  p.  16, 

II  Ibid. 
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34.  REDI  informs  us,  that  a  land  tor- 
toife,  whofe  brain  he  extracted  by  a  hole 
made  in  its  fcull,  in  the  beginning  of  Novem- 
ber, lived  to  the  middle  of  May  following. 
Immediately  after  the  lofs  of  its  brain,  it 
ihut  its  eyes,  nor  ever  opened  them  any 
more,  but  continued  to  move  and  walk  a- 
bout  until  the  time  of  its  death.  When 
the  fcull  was  opened,  its  cavity  appeared 
quite  clean  and  fmooth,  and  nothing  was 
found  in  it  except  a  fmall  dry  clot  of  blood. 
The  fame  experiment  he  repeated  on  vari- 
ous other  tortoifes,  fome  of  which  lived  a 
longer,  others  a  fhorter  time,  but  none  of 
them  lefs  than  fifty  days  % 

35.  A  large  tortoife,  whofe  head  Redi 
cut  off,  allowing  the  blood  to  flow  freely 
from  the  open  veflels  of  its  neck,  lived  Jaf- 
ter  this  twenty-three  days;  and  though  it 
did  not  walk  about  like  thofe  which  were 
deprived  of  their  brain,  yet  as  often  as  its 
fore  or  hind  feet  were  pricked,  it  moved 
them  with  great  force,  and  was  otherwife 
convulfed.  In  two  tortoifes  which  he  open- 
ed 

f  Obferyation.  circa  apimal,  vivent,  p.  209.  &  210. 
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ed  fifteen  days  after  decollation,  he  faw  the 
hea  t  beating  as  in  a  living  animal,  and  the 
biood  circulating  through  it  *. 

H^re,  we  are  naturally  led  to  obferve, 
that  while  thofe  animals  who  have  a  fmall 
brain  and  large  fpinal  marrow,  live  long  af- 
ter decollation;  man,  and  mod  quadru- 
pedes,  which  have  the  brain  remarkably 
large,  furvive  the  lofs  of  it  only  for  a  few 
moments. 

a  If  the  motions  of  a  tortoife,  after  de- 
collation (35.),  or  the  lofs  of  its  brain  (34.), 
cannot  proceed  from  mere  mechanifm,  but 
mud  be  undoubtedly  afcribed  to  the  living 
principle  which  was  the  caufe  of  its  moti- 
ons in  a  found  ftate  •  and  if  the  fame  is  true 
of  the  anions  performed  by  butterflies  after 
the  lofs  of  their  heads  (33.)  ;  it  muft  follow, 
that  the  motions  and  other  figns  of  life 
winch  are  obferved  in  the  body  and  limbs 
of  a  frog  for  above  half  an  hour  'after  its 
head  is  cut  oif^c?.),  are  to  be  attributed 
to  the  fentient  principle,  to  which  its  moti- 
ons and  actions  were  owing,  when  in  an  en- 
tire ftate  ;  and  if  fo,    then  the   motions  of 

this 

*  Obfeirat.  circa  animal,  vivent.  p.  212.  2 r?. 
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this  body,  when  divided  into  two  parts, 
muft  alfo  be  referred  to  the  fame  caufe, 
fince  they  are  of  a  like  kind,  although  of 
fhorter  duration.  Shall  we  then  deny  that 
the  motions  of  its  feparated  heart  and  limbs, 
which  are  fimilar  to  thefe,  and  are  increaied 
and  renewed  by  the  application  of  the  fame 
caufes,  proceed  from  the  fentient  principle 
flill  afting  in  thefe  parts  I  This  would  be 
to  negleft  the  ftrongeft  analogy  ;  and  muft 
be  the  more  inexcufable,  as  no  other  caufe 
can  be  affigned,  which  accounts  fo  well  for 

the  appearances.  * 

We 

*  The  learned  Dr  PorterJieU?  who  rirppofes,  with  Stab!  and 
others,  that  the  motion  of  the  heart  is  continued  and  regulated 
by  the  foul  a&ing,  as  a  wife  and  rational  agent,  with  a  view  to 
the  good  of  the  body,  afcribes  the  alternate  contractions  of  the 
heart,  after  its  connexion,  by  means  of  the  nerves,  with  the 
brarn  is  cut  off,  to  fome  power  depending  on  its  mechanical 
conltruttion  f.  But  if  the  motions  of  a  viper's  heart  for  three 
days  after  its  head  has  been  cut  oft,  and  thofe  of  the  heart  of  a 
tol'toife  for  fix  months  after  the  lols  of  its  brain,  may  be  owing 
to  a  mechanical  power  refulting  from  their  particular  ftruclure, 
why  may  not  the  motions  of  the  heart  in  thefe  as  well  as  all 
other  animals,  from  the  beginning  to  the  end  of  life,  be  owing 
£0  mechanifm  done  ? 

Indeed,  there  cannot  he  a  ftronger  argument  of  the  weakness 
of  the  Stahlian  account  of  the  heart's  motion,  than  that  one  of 

irs 

f  See  Dr  Porterfeld's  treatifc  on  the  eye,   vol.  ii.  p.  i36*.  and  167. 
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(3  We  have  no  other  way  to  fatisfy  our- 
felves  that  an  animal  is  alive,  or  endued* 
with  feeling,  but  by  obferving,  whether  it 
fhews  an  uneafinefs  when  any  thing  hurts, 
or  tends  to  deftroy  any  of  its  parts,  and  an 
endeavour  to  remove  or  avoid  it.  Since 
therefore  the  bodies  of  vipers  make  juft  the 
fame  kind  of  motions  when  pricked  with  a 
fharp  inflrument,  two  or  three  days  after 
lofing  their  head,  heart,  and  other  vifcera, 
as  if  they  were  entire  (32.);  we  are  natu- 
rally led  to  conclude,  that  they  are  (till,  in 
fome  fenfe,  alive  and  endued  with  feel- 
ing, u  e.  animated  by  a  fentient  principle. 
And  as  the  mufcular  parts  of  thefe  crea- 
tures move  after  being  cut  in  pieces,  and 
are  fenfible  of  piindturcs,  it  alfo  follows,  that 
they  continue  ft  ill  to  be  animated  % 

7  Lajily, 

its  ableft  defenders  has  been  reduced  to  account,  in  fuch  a  man- 
ner, for  the  motions  of  that  organ  after  its  connexion  with  the 
brain  is  cut  off,  as  in  jatt  to  give  up  at  once,  all  that  he  had 
advanced  to  prove  the  neceffity  of  calling  in  the  power  of  the 
mind  to  explain  the  vital  motions. 

*  It  has  been  objected,  that   the  feparated   members  of  ani- 
mals, though  they  continue  to  move  for  fpmetime,  are  never- 
theless 
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y  Laflly,  If  the  motions   of  the  mufcles 

in  a  cock's   limbs  after  decollation    (30.), 

I  i  i  are, 

thelefs  neither  animated  nor  endowed  with  any  kind  of  fen- 
fibility,  otherwife  the  animal  to  which  thofe  members  belong- 
ed, ought  to  feel  pain  when  they  are  irritated, 

As  I  have  given  an  anfwer  to  this  objection  elfewhere  *,  I 
(hall  only  obferve  here,  that  fince  the  nerves,  which  are  conti- 
nuations of  the  medullary  fubftance  of  the  brain  and  fpinal 
marrow,  have  been  proved  to  retain  their  powers  of  feeling,, 
and  of  putting  the  mufcles  in  motion,  for  fome  time  after  their 
Connexion  with  the  brain  is  cut  ofFf,  we  have  reafon  to  believe 
that  the  motions  excited  by  Jlimuli  in  the  mufcles  of  animals, 
after  they  are  feparated  from  their  bodies,  are  owing  to 
fome  kind  of  feeling  or  fimple  fenfation  (fuch  as  oyflers  and  o- 
ther  animals  of  the  loWeft  clafs,  who  have  no  brain,  are  endu- 
ed with)  in  thofe  mufcles  or  their  nerves,  which  though  not 
attended  with  any  refiex  confcioufnsfi,  a  power  the  foul 
only  exerciles  in  the  brain,  is  neverthelefs  the  immediate  occa- 
sion of  all  thofe  motions  which  arife  from  the  irritation  of  the 
fibres  of  the  mufcles,  whether  they  be  connected  with  the  other 
parts  of  the  body,  or  newly*  feparated  from  thern. 

And  here  it  is  worth  remarking,  that,  while  thofe  motions 
which  are  occafioned  by  ftimulating  the  fibres  of  any  mufcle, 
continue  for  fome  little  time  after  its  communication  with  the 
brain,  by  means  of  the  nerves,  has  been  cut  off;  fuch  motions 
as  proceed  from  fympatby,  and  are  owing  to  the  irritation  of 
fome  diftant  part,  ceafe  as  focn  as  the  brain  is  rendered  unfit 
for  action,  or  the  communication  with  it  is  interrupted,  be- 
caufe  they  depend  on  a  perception  in  that  organ  from  which 
the  nerves  proceed,  and  where  alone  the  caufe  of  their  fympa- 
thy  is  to  be  found. 
*  See  toy  Pbyfiological  Efiays,  edit.  ii.  Appendix,  p.  259  and  %6o. 

■f  Ibid.   p.  145,  &c. 
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are,  without  difpute,  owing  to  its  foulj 
may  we  not  alfo  afcribe  to  the  fame  prin- 
ciple, the  like,  but  lefs  remarkable,  motions, 
in  men  and  quadrupedes,  after  their  heads 
are  ftruck  off ;  and,  confequently,  the  tre- 
mulous motions  and  palpitations  of  their 
hearts  too,  after  death  or  feparation  from  , 
their  bodies. 

To  fum  up  all  in  a  few  words ;  from 
what  has  been  faid,  it  appears  undeniable, 
that  the  involuntary  motions  of  living  ani- 
mals, and  the  alternate  contractions  of  their 
mufcles,  sfter  the  general  death  of  the  body, 
or  their  being  feparated  from  it,  are  owing  to 
one  and  the  fame  caufe;  viz.  an  irritation 
of  their  fibres  or  nerves,  or  of  fuch  parts 
as  are  nearly  connected  with  them.  If 
then,  as  we  have  fhewn  (Seft.  x.),  that  the 
motions  of  animal  fibres,  from  a  fimulus-, 
mod  certainly  befpeak  a  feeling,  and  cannot 
be  explained  unlefs  we  admit  it ;  and  if 
feeling'  be  not  a  property  of  matter,  but 
owing  to  a  fuperior  principle,  it  mud  follow 
by  necefTary  confequence,  that  the  motions 
of  the  heart,  and  other  mufcles  of  animals, 
after  being  feparated  from  their  bodies,    are 

to 
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to  be  afcribed  to  this  principle  ;  and  that 
any  difficulties,  which  may  appear  in  this 
matter,  are  owing  to  our  ignorance  of  the 
nature  of  the  foul,  of  the  manner  of  its  ex- 
iftence,  and  of  its  wonderful  union  with, 
and  adtion  upon  the  body. 


CONCLUSION. 

A  S  Philofophical  inquiries,  however  agree- 
able and  entertaining  they  may  be  to 
the  mind,  become  £1311  more  intereftin£ 
when  they  can  be  applied  to  pra&ice ;  I 
intended  to  have  fhewn,  how  far  the  theory 
of  the  vital  and  other  involuntary  motions, 
which  we  have  endeavoured  to  eftablifh, 
may  be  ufeful  towards  explaining  the  nature 
of  feveral  difeafes,  and  confequently  towards 
pointing  out  the  moft  proper  method  of 
curing  them.  But,  as  this  Effiiy-  has  fwelled 
to  a  much  greater  bulk  than  I  at  firft  ex- 
pected, I  fhall  now,  omitting  that  part  of 
my  defign,  conclude  with  a  reflection  of  a 
different  nature. 

Fro& 
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From  what  has  been  offered,  then,  in 
the  preceding  pages,  it  may  appear,  how 
unjuftly  the  ftudy  of  Phyfick  has  been  ac- 
cufed  of  leading  men  into  Scepticifm  and 
irreligion.  A  little  Philofophy  may  difpofe 
fome  men  to  Atheiftn  ;  but  a  more  exten- 
five  knowledge  of  nature,  will  furely  have 
the  contrary  effeft.  If  the  human  frame  is 
confidered  as  a  mere  corporeal  fyftem, 
which  derives  all  its  power  and  energy  from 
matter  and  motion ;  it  may,  perhaps,  be 
concluded,  that  the  immense  universe 
irfelf  is  deftitute  of  any  higher  principle : 
but  if,  as  we  have  endeavoured  to  fhew,  the 
motions  and  adlions  of  our  fmall  and  incon- 
fiderable  ^bodies,  are  all  to  be  referred  to 
the  a&ive  power  of  an  immaterial  prin- 
ciple ;  how  much  more  neceffary  mud  it 
be,  to  acknowledge,  as  the  Author,  Sut 
tainer,  and  Sovereign  Ruler  of  the  univer- 
sal fyftem,  an  incorporeal  Nature 
every  where  and  always  prefeqt,  of  infinite 
power,  wifdom,  and  goodnefs ;  who  con- 
duits the  motions  of  the  whole,  by  the  moft 
confummate    and  unerring  reafon,  without 

being 
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being  prompted  to  it  by  any  other  impulfe, 
than  the  original  and  eternal  benevolence 
of  his  nature  ! 

Nam  quis  non  videt,  finita  ft  breve  corpus 
Subjicitur  mentis  mens  quanta  fit  ilia  fupremo 
§)u<z  regit  arbitrio  vaftum  quern  condidit  orbem  ? 
Non  poterit  fine  confilio  tarn  parva  mover i 
Machina,  tamfragilis;  te  judke,  tanta  regetur 
Mentis  inops!  Credant  Epicuri  de  gregeporci*. 

Th  e  true  Phyfiology,  therefore,  of  the 
human  body,  not  only  ferves  to  confute 
thofe  Philofophers,  who  rejecting  the  exift- 
ence  of  immaterial  Beings,  afcribe  all 
the  phenomena  and  operations  in  nature  to 
the  powers  of  matter  and  motion  \  but,  at 
laft,  like  all  other  found  Philofophy,  leads 
us  up  to  the  First  Cause  and  fupreme 
Author  of  all,  who  is  ever  to  be  adored 
with  the  moft  profound  reverence  by  the 
reafonable  part  of  his  creation. 

f  Polignac.  Anti-Lucret.  lib.  5.  lin.  1376,  &c. 
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